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The Nephelinite Etinde, Cameroons, West Africa 
(PLATE 


ABSTRACT 


Re-examination the nephelinites Etinde, Cameroons, carrying 
composite structured mineral shows that the 
feldspathoid genuine nepheline, part exhibiting twinned 
intergrowths, and not potassic orthorhombic feldspathoid phase. 


Analysis indicates composition with mol. ratio 3-6. 


Comparison made with other nephelines contrasted host 
environments. 


1901 Esch described from the Cameroons West Africa group 
basic alkali rocks from Mount Cameroon (Etinde), 
subsidiary volcanic centre the Mt. Cameroon volcanic pile. 
The rocks recorded are chiefly nephelinites, leucitites, and 
marked petrographic contrast the normal basalts which are 
reported prevail the Mt. Cameroon region. Among these alkali 
rocks the nephelinites Esch have attracted some attention account 
the description the properties the contained nepheline. From 
study its morphology and optical characters Esch was led 
attribute triclinic character the feldspathoid, and the intergrowths 
shows twinning referred forms conveniently indexed 
hexagonal. The subsequent study synthetic carnegieite and the 
orthorhombic form KAISiO, led comparison this Cameroons 
nepheline with these substances and the suggestion that one other 
them might represented Esch’s nephelinites (Bowen, 1912, 
572; Bowen, 1917, 130). 

recent re-examination Esch’s specimens seems have been 
undertaken nevertheless the early tentative suggestion that the 
peculiar twinned nepheline Esch described might correspond with 
K(Na)AISiO,) has taken shape some quarters definite state- 
ment that the mineral fact the orthorhombic KAISiO, phase 
(Winchell, 1951, 257). such were the case this would the first 
example the orthorhombic structure mineral. 

interest the problem nepheline composition led 
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approach Dr. Jacobson, Director the Geological Survey 
Nigeria for representative material from the Etinde locality, 
and the following account based specimens which Dr. Jacobson 
has kindly forwarded for examination. Among the rocks received 
were nephelinites with leucite answering closely the examples 
which Esch noted the peculiar nephelines (Esch, 1901, particularly 
pp. 24-41). This study has shown that the mineral genuine 
nepheline, not notably rich potash, and Esch’s account not 
readily accessible, note the character the mineral and the host 
rock now given. 

The rocks are granular types built essentially nepheline and 
titanaugite with leucite, and accessory magnetite, apatite, perovskite, 
and The striking feature section the appearance the 
clear nephelines which, Esch has described them, occur composite 
crystals (Plate figs. and intergrowths which clear many 
crystal behave twinned structures. This twinning may simple 
multiple though the characters the latter type bear obvious 
relation the twinned sectors the artificial orthorhombic KAISiO, 
(aragonite type). the simplest examples the structures can related 
twinning pyramidal forms, Esch has recognized, the type 
(1011), (3365), and less definitely form hohl (2021)). char- 
acteristic feature these simpler associations two individuals 
with their optic axes disposed right angles (Plate III, fig. indicating 
twin orientation with the twin face making angle approximately 
45° with the basal plane. Two forms nepheline provide such 
orientation the twinned parts, (1011) and (3365), for which 
the angles are respectively (1011) 44° 5’, (3365) 45° 12’, 
with another possibility recognized (1122) for which 
40° 0’. twinning the first two laws the disposition the twinned 
parts such that (1010) and (1120) are respectively for the one part 
approximately parallel the basal plane the second part. Assuming 
the dominant prism form the nephelines (1010) the combina- 
tion optical relations and morphology enables distinction 
made between the two cases, for section the one (1011) the fast 
ray the second individual cut parallel the optic axis perpendicular 
prism edge the first, while the other (3365) the fast ray the 
second individual parallel edge the first. Examples 
both recur the slides cut from these nephelinites. the case 
where form the type (2021) suggested twin plane, the basal 
section one individual associated with second showing 
excentric optic figure, the angle between the axes the two individuals 


Lacroix (1923) subsequently attached the name this type 
nephelinite with leucite, viewing the assemblage microlitic variety 
melteigite. 
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approximating 54° (2021) 62° Certain the composite 
growths appear this type. must remarked that inter- 
growths revealing regular orientation between individual parts are 
clearly present, but there can little doubt from the prevalent character 
associations the nature described that real twinned structures are 
involved. 

has already been noted that Esch was inclined consider that 
these nephelines behaved optically triclinic crystals, principally 
account the occurrence inclined extinction, but should 


TABLE NEPHELINE ROCKS 


Norms 


Al,O, . 16:07 17-32 | 22-14 22:04 Or 14-73 56°43 

FeO . 6°14 4-00 0-49 0:70 An 8-62 9-17 0-14 

MgO 4°33 4°43 nil 0-18 Le 17-00 17.44 | 

Na.O . 5:47 5:99 12-64 7:07 | Wo 2-20 1-33 0-98 

H,O 0-33 0-07 0-47 Ol 0-03 

ho. . 3°33 3-21 0-21 0-10) 6:69 6:08 0-46 0-15 

co, nil 0-15 0-03 0-20 Ht 4°48 0-88 1-22 

Rest 0-35 0-21 Ap 2°35 1:68 0-17 

Ct 0:34 0-45 


99°98 100°38 99-73 100-06 18 0-50 


100-01 99 


100-5 


Nephelinite with leucite Etinde Volcano, Mt. Cameroon, Cameroons. 
Anal.: Scoon. 
2. Nephelinite with leucite (Etindite). Etinde Volcano, Mt. Cameroon, Cameroons. 
Esch (1901), p. 39. 
Nepheline syenite (mariupolite) dyke, Koedoeslaagte, Vaal River, Transvaal. 
Nepheline syenite pegmatite, Cul Mor, Ross-shire. Anal.: Scoon. 


emphasized that this feature not characteristic symmetrically cut 
sections and valid reason exists for ascribing triclinic symmetry 
the mineral. 

Subsequent Esch’s study, twinned structures nepheline have 
been recognized other observers, notably Freudenberg (1906) 
his work the nepheline-augite porphyries the Katzenbuckel 
the Odenwald. Examination sections the Katzenbuckel 
nepheline shonkinites have made reveals good examples the simple 
type twinning (1011, 3365) closely similar the Etinde nepheline 
structures, these two laws being recognized Freudenberg. Ippen 
(1902) recognized sector grouping attributed twinning the 
nepheline phenocrysts nepheline syenite porphyry from Predazzo. 
The Etinde examples though displaying the intergrowths more 
prominently are therefore not exceptional. 


1-70 
Rest 0-55 0-21 
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powder photograph the Etinde nephelines gives the normal 
pattern nepheline. 

order gain further chemical information these nephelines 
Mr. Scoon has separated the mineral from nephelinite and 
subjected both and the containing rock analysis. The results, 
with comparative data are set down Tables and Esch had already 


NEPHELINES 


RHOMBIC) 


1.—Plot analyses nephelines and the salic normative 
compositions (excluding an) the host rocks the system 
phonolite, Kenya, trachytic 
phonolite, Mte Ferru, Sardinia, nepheline-syenite pegmatite, 
Cul Mor, Ross-shire, 4-4’ leucite-melilite-nephelinite, Belgian 
Congo, E-E’ nephelinite, Etinde, Cameroons, mariupolite, 
Vaal River, Transvaal. (Cf. Fig. 170, Tilley, 1952.) 

pseudoleucites Yukon (Y), Magnet Cove (M), Vesuvius 

and Highwood Mts. (L). 


subjected granular nephelinite analysis (cf. Table No. 2), 
and this shows close relationship the specimen now analysed, 
though the earlier analysis higher yielding haematite the 
norm. The modal composition Esch’s rock has been given follows 
titanaugite per cent, nepheline per cent, leucite per cent, 
ores per cent, titanite, perovskite, and apatite per cent (Troeger, 
1935, 254), and our rock not significantly different mode. The 
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titanaugite clearly aluminous pyroxene accounting for the anorthite 
the norm. The nepheline analysis (Table No. characterized 
relatively high concentration but shows unusual 
enrichment the structural formula derived, ferric iron 
regarded integral part the structure and this interpretation 
yields accordant formula based content thirty-two oxygen 
atoms. This inclusion the structure agreement also 
with the data Sahama potash nepheline from ankaratrite 
(Table No. where the content even higher (1-82). Apart 
from the iron content this Etinde nepheline corresponds closely with 
nepheline from aegirine-nepheline-albite syenite dyke rock (mariupo- 
lite) with traces only modal potash feldspar (microcline) from the 
Vaal River, Transvaal, also analysed Mr. Scoon (nepheline No. 
Table rock No. Table 

point considerable significance that these two nephelines, 
closely comparable composition, come from remarkably different 
rock environments. The contrast may indicated setting down the 


molecular ratios the two cases 
2 


Etinde. Vaal River. 
Nepheline 
Host rock 
Join Text-fig. 


given graphical expression Text-fig. the system 
where the joins EE’ and KK’ refer the Etinde and 
Vaal River rocks and their constituent nephelines. 

Table also included analysis now available the nepheline- 
syenite pegmatite from Cul Mor, Ross-shire, referred previous 
paper nepheline parageneses (Tilley, 1952). Analyses the nephe- 
line and the dominant feldspar this rock were already recorded. 
The feldspar microcline with recognizable grid structure and 
there some exsolved albite, which mineral also appears accessory 
the margins the microcline crystals. The new analytical data 
provide the join Text-fig. which replaces now the join 3-3” 
Fig. the earlier paper referred (Tilley, The analyses 
the nephelines from the Belgian Congo and Norra Karr (Table 
Nos. and provide the known extremes composition among 
natural nephelines the latter the most sodic nephelines contained 
grennaite which the feldspars are albite and microcline and not 
previously recorded (Adamson, 1944, 129), also anorthoclase. 
proposed review later the light new analyses the composi- 
tion range nepheline the host environment volcanic, plutonic, 
and metasomatic assemblages respectively. 
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DEPARTMENT MINERALOGY AND PETROLOGY, 
CAMBRIDGE. 


EXPLANATION PLATE 
Fics. and 20, diameters respectively. 

Photomicrographs (ordinary light) the Etinde nephelinite 
showing the composite character the nephelines. 
Anhedral leucite The remaining constituents are 
titanaugite also present acicular crystals the base, iron ores, 
apatite, perovskite, and titanite. 

Fig. the central nepheline formed two individuals with 
their optic axis right angles and related_by twinning (1011) 
the dominant prism form taken (1010). 
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Progressive Replacement Limestone Inclusions 
Granite Ballynacarrick, Co. Donegal 


GINDY 
(PLATE IV) 


ABSTRACT 


Limestone inclusions granite show skarn armour made 
definite mineral zones. From the limestone side these are order: 
grossular zone (with without idocrase), clinozoisite zone, plagio- 
clase-pyroxene zone, and finally hornblendic dioritic zone that 
passes into the biotite-granite granodiorite the district. These 
different zones were not static but moved into the limestone, each 
zone replacing the one preceding and being replaced the zone 
following it. mechanism which limestone inclusions disappear 
granite clearly exemplified. 


INTRODUCTION 


Ballynacarrick Co. Donegal, Ireland, unweathered exposures 
are available showing the passage limestone inclusions 
into the granite that contains them. complete record this process 
transformation obtainable. Ballynacarrick indicated Sheet 
the in. maps the Geological Survey Ireland, published 
1890, and the exact position the limestone exposures the 
Ballynacarrick Sheet the in. maps the Irish Ordnance 
Survey. The general plutonic history the region has been summarized 
the writer (Gindy, 1952). this present paper account first 
given large limestone inclusion, followed that the zoned 
skarn armour that forms between this limestone and the enclosing 
granite. 


THE METAMORPHOSED LIMESTONE INCLUSION 


The least altered limestone coarse sugary-grained marble 
and resembles that which occurs the country-rocks about miles 
the south-west. largely made calcite mosaic with acces- 
sory granular diopside and less abundant grains saussuritized 
plagioclase. Quartz rounded grains may absent present 
variable, sometimes large amounts. mostly pre-metamorphic 
origin, transitions from pure calcitic siliceous varieties are known 
occur the least altered limestones the country-rocks. 

The most prominent limestone inclusion Ballynacarrick still 
clearly retains its bedding planes and represents large fold. The 
limestone nearest the granite becomes coarser grain and lighter 
colour and develops mineral assemblage grossular garnet, 
idocrase, and wollastonite, together with the pre-existing calcite and 
diopside. rich variety handsome hand specimens can collected 
from single small exposure, the appearance depending the amount 
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Progressive Replacement Limestone Inclusions Granite 
and habit these coarse cream marbles silky white 
wollastonite-rocks are studded with red porphyroblastic 
grossular dodecahedra, about cm. more diameter, bluish 
marbles show perfect ball-like spherulites cloud-like scraps white 
silky wollastonite, and radiating stout prisms olive idocrase flat- 
lying rosettes may reach inches diameter. 

large part the grossular-idocrase-wollastonite assemblages 
appears more strongly developed along the bedding planes the 
limestone which have undoubtedly provided easy channels for the 
diffusion the material that has entered the rock produce these 
calc-silicates. Microscopic examination the grossular and idocrase 
the marbles often reveals clear proof their replacing nature. The 
grossular along its outer borders sends irregular protrusions into the 
calcite mosaic replacing and isolating its grains and enclosing poikilo- 
blastically any diopsidic granules that were originally (Plate IV, 
fig. Likewise, idocrase faintly pleochroic yellowish prisms, 
often showing numerous delicate zones growth, replaces the diopside- 
calcite mosaic well any grossular that may have formed it. 
Idocrase also appears more capable than grossular digesting 
inclusions calcite, diopside, saussuritized plagioclase, and original 
quartz such enclosures are less abundant than the 
grossular the same hand specimen. this replacive manner patches 
the limestone are changed massive grossular-idocrase skarns. The 
specific gravity such rocks the highest reached the altered 
limestone thus the specific gravity grossular-rich skarn 3-19, 
that idocrase-rich skarn 3-42, whereas the sugary-grained 
marbles the specific gravity ranges between and 

The time-relationship between grossular, idocrase, and wollastonite 
these rocks not clear-cut. Grossular appears form earlier 
than idocrase the diopside-calcite matrix and replaced it, 
but sometimes the two minerais occur intimate intergrowth that 
suggests simultaneous formation. Wollastonite seems later than 
grossular and idocrase, but again there are cases which not sub- 
stantiate this. advisable consider these minerals formed 
roughly about the same time, their order production being dependent 
both the composition the diffusing material—this being constant 
neither time nor different parts the limestone—as well 
upon the differing rates diffusion the various ions present. 
McConnell (1939) has shown that idocrase rather richer 
and alkalies than grossular, and this may indicate that the late 
simultaneous growth idocrase with grossular the replacement 
the latter the former may depend the available amount such 
kations well the hydroxyl ions. 

Besides their production these replacive skarn patches within 
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the sugary-grained limestone, grossular, idocrase, and wollastonite 
also occur well-defined intrusion-like veins that may concordant 
discordant bedding planes and that send off branches dissecting 
the limestone. The width these veins varies between 
and one inch. The limestone adjacent them becomes slightly 
coarser and paler colour for about mm. and occasionally 
strings granular diopside rare wollastonite rims form along their 
margins. The veins are usually either pure grossular-idocrase 
intergrowth pure wollastonite fibres arranged 
pendicular their outer contact with the marble. They are most 
probably due direct intrusion and flow the original acid fluids 
along these tracks. This incoming material must have been completely 
used interaction with the limestone produce the skarn veins 
since remnant exists the Ballynacarrick veins. These skarn 
veins resemble many ways those described Pitcher (1950) from 
the limestones Lough Anure, Co. Donegal. 


THE ZONED SKARN ARMOUR 


The contact between the altered limestone described above and 
the granite always characterized continuous skarn armour that 
made several distinct mineral assemblages arranged definite 
zones. These mineral zones are developed around the large well 
the smallest limestone inclusions. The zones present are, from the 
limestone side 

(a) Thick red grossular zone with without idocrase. 

(b) Greenish clinozoisite zone. 

(c) Pale pyroxene-plagioclase zone with prominent sphene. 

(d) Hornblende-plagioclase-sphene zone passing into the granite 

granodiorite the district. 

The widths the different zones vary the clinozoisite zone usually 
does not exceed third inch, the next zone varies from inch 
more than inches. The hornblende zone may reach several feet 
width before the biotite-bearing igneous-looking rock the area 
reached. Sometimes, however, the latter reached sooner. This wide 
variation the extent the zones around the different inclusions 
well around each individual inclusion probably controlled 
the rate diffusion and amount the participating ingredients, 
well local physico-chemical factors. 

Serial thin sections were made the hand specimen, illustrated 
Text-fig. collected from such zoned skarny armour; modes 
the four zones are given Table The grossular zone seen under 
the microscope made spongy aggregates pinkish garnet 
with 1-755 corresponding about per cent the grossular 
molecule, perforated few relict diopsidic grains and more abundant 
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quartz grains. Clinozoisite clearly replaces the grossular irregular 
veinlets and highly sieved large idioblastic plates. Rare small and much 
clouded grains may represent plagioclase otherwise feldspar, 
amphibole, biotite present and calcite lost for good. The 
clinozoisite zone adjacent the grossular zone this particular 
example very thin, about mm. wide. made dense 
aggregates large plates (up mm. wide) clinozoisite, giving 
ultrablue epidote-like interference colours. The plates are highly 
sieved grossular and diopside grains well quartz. There 


IDOCRASE 


INCHES 


1.—Slab the zoned skarn armour between limestone and New 
Granite Ballynacarrick showing the different mineral zones 
described the text. The modal composition these zones given 
the first four columns Table 


every indication that this zone was once grossular zone that was 
replaced the clinozoisite replacement the limestone pro- 
gressed. The succeeding whitish pyroxene-plagioclase zone made 
coarse quartz and plagioclase mosaic, with occasional large 
and large rhombs sphene mm. long). grossular present. 
Clinozoisite occurs small amount and, unlike that the preceding 
zone, appears irregularly the dense saussurite some the plagio- 
clase. The clear plagioclase ranges composition from albite acid 
andesine, but mainly basic oligoclase. Many its grains are very 
irregularly and oscillatorily zoned and may build large plates (up 
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3-5 mm.). special contact relationships between and the quartz 
can seen. Rare large mm. long) idiomorphic and zoned allanite 
crystals occur, but potash feldspar, amphibole, grossular are 
observed this zone. Approaching the hornblendic zone the 
plagioclase increases greatly size and, under crossed nicols, shows 
complex and irregular framework. Clinozoisite seen occupying 
the cores such plagioclases were replacing portions more 
vulnerable composition than that the margins, but the reverse may 
true and plagioclase may replace the clinozoisite. The pyroxene 
present reduced amounts while new rare small prisms hornblende 
appear and, for the first time, microcline with delicate vein perthite 
found the quartz-plagioclase matrix well the pyroxenes, 
which dismembers. Sphene occurs still larger rhombs. 

the hornblendic zone, hornblende deep bluish green, yellowish 
olive-green, light greenish yellow) develops throughout large 
poikiloblastic plates clearly replacing the pyroxene and enclosing the 
adjacent plagioclase and quartz. Clear parts the plagioclase are 
basic oligoclase but the highly saussuritized parts may have been 
different composition. Quartz occurs large irregular plates. Sphene 
plentiful ever and apatite increases appreciably. Biotite flakes 
mm. long deep yellowish reddish brown) appear for 
the first time, sometimes clearly replacing the 
cline large clear porphyroblasts with tiny buds myrmekite 
its borders clearly the latest mineral form and appears replace 
the hornblende, plagioclase, and quartz. 

The modal compositions the different zones described above 
are given the first four columns Table the particular example 
described, the amount quartz, unless part the outer zones 
late hydrothermal derivation, remains roughly constant. This quartz 
probably represents the relict old quartz that was present the original 
marble. Unlike the newly-introduced ionized silica which was readily 
consumed the production calc-silicates, this old quartz did not 
react with calcite and the entering ingredients produce new minerals. 
should mentioned here that the modal composition both the 
pyroxenic and hornblendic zones differs very widely and never 
constant one and the same skarn armour, especially when these 
zones are broad, e.g. modes and Table the rock whose 
mode shown column the table, allanite unusually abundant. 
single thin section eleven more less idiomorphic grains, 
average diameter mm., can counted. has pleochroism 
brownish yellow colours and may show differing zonal growths. 
Sphene also rather abundant grains reaching mm. along their 
longest diameter (Plate IV, fig. 2). 

the final breakdown hornblende biotite and increase 
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TABLE 


THE DIFFERENT ZONES TEXT-FIG. AND OTHER 
ALLIED ROCKS FROM BALLYNACARRICK 


Mineral 


vite. 
99-99 99-99 99-98 99-58 99-71 100-00 


Grossular zone Text-fig. 

Clinozoisite zone and first half the pyroxene-plagioclase zone 
Text-fig. 

Second half the pyroxene-plagioclase zone Text-fig. 

Hornblende-zone Text-fig. 

Igneous-looking diorite intermediate between the pyroxene and horn- 
blende zones, sp. gr. 

Another diorite from broad hornblende-zone (Plate fig. 2), sp. gr. 

Average composition the New Granite (granodiorite quartz diorite) 

common the district Ballynacarrick, average sp. gr. 


feldspar the hornblende zone merges into and becomes indistinguish- 


able from the biotite-bearing granite granodiorite the district 
(mode Table 1). 


CONCLUSION 

Numerous examples zoned skarn armours along the 
limestones with igneous igneous-looking rocks have been described 
the literature. The example most like that described from Bally- 
nacarrick that recorded Miss Joplin (1935, 110) from Ben 
Bullen, New Scuth Wales. But this well the other examples have 
been described manner that suggests that the different mineral 
zones the skarny armour were static and once formed remained 
their places. Microscopic evidence the zoned skarns from Bally- 
nacarrick, the other hand, leaves doubt that each zone from the 
granite side definitely replaces the zone preceding and itself about 
replaced the zone following it. The different zones were never 
static but advanced into the limestone till they were arrested their 
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present positions. The Ballynacarrick example thus provides clear 
indication mechanism which limestone inclusion dwindles 
and disappears granite. 

The difference the mineralogical constitution and order the 
different zones the skarn armours from the many localities described 
the literature naturally due the different physico-chemical 
conditions that existed each case. 
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DEPARTMENT GEOLOGY, 
IMPERIAL COLLEGE, 
S.W. 


EXPLANATION PLATE 


Fic. 1.—A calcite-diopside-grossular hornfels. The outer part large 
grossular porphyroblast (isotropic) replacing the pre-existing 
calcite-diopside mosaic and sending irregular armlets isolating 
embaying the grains the mosaic. Within the grossular, calcite 
relics the mosaic readily disappear while some the original 
diopside granules survive. (Crossed nicols, 15.) 

from the replacement limestone through the grossular, clino- 
zoisite, and pyroxene zones. Modal composition this rock 
given under column Table Clouded plagioclase (p), clear late 
microcline (m), sphene (s), and hornblende (h), are abundant, 
while (a) represents one large crystal allanite. (Ordinary light, 
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The Field Relations the Shiant Picrite 


Note the Field Relations the Shiant Isles’ 
Picrite 
(PLATES VI) 


ABSTRACT 

picrite the Garbh Tighe sill occurs 
number points not previously recorded. Its junction with the 
overlying picrodolerite not gradational and does not maintain 
uniform level the sill. 


LTHOUGH the Shiant Isles total areal extent are very small, 
the facility with which they may geologically examined bears 
somewhat inverse relation their size. The field work presents 
unsurmountable problems the physical sense, but collect detailed 
data demands more time and thoroughness than might first sight 

imagined. 

Walker (1930) owe the first collection considerable 
body data, and the main Shiant Isles’ sill now well known 
petrologists throughout the world that preliminary outline its 
geological features would here superfluous. But the validity 
Walker’s conclusions has never been seriously challenged. That they 
were well grounded all available factual evidence was generally and 
legitimately accepted. The advantage that the writer and his colleagues 
have enjoyed not only the benefit Professor Walker’s pioneering 
but also three recent visits the islands, under ideal conditions, 
1949, 1950, and 1952. 

Before the final visit the islands there appeared little doubt 
that the junction between the picrite and the picrodolerite could 
accurately mapped. Yet the whose main purpose was 
this, the high degree precision with which could done came 
Surprise. The junction, fact, not transitional abrupt. 
Neither does the picrite form regular layer even level the sill 
(Plate, fig. nor confined only the northern island, Garbh 
Eilean, for also occurs Eilean Tighe (Plate fig. 1). 

Apart from the outcrops shown Plate fig. the picrite occurs 
two other localities surrounded scree the east shore Garbh 
Eilean and also the northern cliffs, where the junction with picro- 
dolerite can again traced. 

noted Walker (1930), the picrite and picrodolerite are texturally 
dissimilar and was close study the field textures, checked 
microscopic examination rather roughly made thin sections, that the 

real nature the junction was finally established. Once its abruptness 
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had been proved one two places soon became evident that 
many other places the line demarcation between the two rock-types 
had been cleanly outlined differential erosion that could readily 
discerned (Plate VI, fig. determination the line junction 
over short distances along the face the cliffs was thus many cases 
made possible without detailed check. 

hand-specimen (Plate VI, fig. 2), the picrite near the junction 
becomes finer grain and abrupt discontinuity defined thin 
layer which there clinopyroxene but only very small olivine 
granules and little interstitial plagioclase. 

This note was written simply necessary preliminary the 
detailed study the olivines throughout the sill the accompanying 
paper Johnston (1953). 

The initial field work was financially supported Government 
grant from the Royal Society London. Many aspects the data 


presented are based work Mr. Johnston. Mr. Murray 
has also contributed. 
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EXPLANATION PLATES AND 


PLATE 


Fic. 1.—Sketch (by Polson) showing the western cliffs Eilean 


Tighe and more distant view the southern half Garbh 
Eilean. Black picrite. 


Fic. 2.—The white line drawn along the picrite-picrodolerite junction 
which obscured, present, scree the right, and three 
other places concealed below the storm beach. The irregularity 
not due slipping faulting. photograph taken point 
reproduced Plate VI, fig. The line distinguished arrows 
represents the approximate section the sill from which series 
closely spaced specimens was collected 1949. 


PLATE 


Fic. 1.—This photograph was taken point where the junction revealed 
differential erosion. The steep inclination continues the left 
the picture until the junction disappears below the boulders 
the beach (see also Plate fig. and fig. this Plate). 

Fic. 2.—This specimen was collected the point fig. this Plate. 
The picrite becomes progressively finer grained upwards. abrupt 
discontinuity defined the thin greyish-white zone, which 
pale green actual colour. This zone contains clinopyroxene. 
Immediately above this the picrodolerite tends relatively rich 
clinopyroxene. The thin, irregular white veinlet largely 
composed zeolites. 
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The Olivines the Garbh Eilean Sill, Shiant Isles 


JOHNSTON 
ABSTRACT 

Optical methods are employed the re-determination the 
composition the olivines throughout the Garbh Eilean Sill. The 
the upper picrodolerite and the crinanite are zoned. 
The range zoning and the iron content the olivines increase 
progressively with height the sill. 

INTRODUCTION 


ARBH EILEAN one the Shiant group islands which lie 
the North Minch, some miles north Skye and miles east 
the nearest point Lewis the Outer Hebrides. 

The geology the group was studied Walker (1930), who reported 
that Garbh Eilean consisted mainly one thick sill which varied 
gradually and progressively its olivine content throughout its 
500 feet height, from picrite its base, through olivine-rich dolerite, 
the crinanite which the sill was largely composed. The olivine 
the picrite was found occur grains poikilitically enclosed 
plagioclase feldspar, but the crinanite had assumed ophitic 
relationship the feldspar. had also become greenish- 
colour (Walker, 1930) which suggested, together with its 
ophitic character, enrichment the fayalite molecule. Measurement 
the birefringence and estimation the optic axial angle, however, 
seemed indicate that the olivine the crinanite was similar com- 
position that the picrite. 

The probable iron-rich character the distinctive yellow olivine 
the upper crinanite was commented Professor Tilley 
during the discussion Walker’s paper, but the author reaffirmed 
that the optical data showed lie the chrysolite range 
composition. 

thin section crinanite from Garbh Eilean, the collection the 
Department Geology, University St. Andrews, revealed olivines 
which were very strongly zoned. Subsequent measurement the optic 
axial angle the Universal stage confirmed the wide range the 
zoning and indicated that although the cores the olivines were 
magnesian the marginal composition approached mol. per cent 
fayalite. Professor Walker must have confined his determinations 
the cores the olivines. 

The discovery definite iron-enrichment the olivines seemed 
warrant their systematic re-investigation throughout the sill, and 
basis for this Dr. Drever 1949 made serial collection 
specimens from new cross-section, which gave almost continuous 


exposures vertical plane from sea-level 395 feet (Drever, 
1953, Plate fig. 2). 
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Further investigations were made 1950 the present writer 
accompanied Mr. Murray, and 1952 the writer, Mr. 
Murray, and Mr. Hooper. the course this later field-work 
was discovered that the change from picrite olivine-rich dolerite 
abrupt and that the junction between them instead being parallel 
the assumed base the sill markedly irregular (Drever, 1953). 
outcrop which probably represents the bottom contact the main 
sill Garbh Eilean was found the north side the island. 

The writer indebted Professor Walker for his pioneer work 
the petrology the Garbh Eilean Sill, which established its major 
petrological aspects and drew attention its fundamental interest. 
The new facts which have been discovered must, however, lead 
considerable modification his interpretation differentiation 
within the sill. 

The full programme research St. Andrews designed cover 
the petrology and geochemistry the rocks the Shiant Isles. The 
determination the present writer the variation composition 
the olivines throughout the sill Garbh Eilean part this general 
plan. 


PETROGRAPHY 


the point where the cross-section was examined the sill almost 
continuously exposed throughout height some 400 feet, but 
contacts with over- under-lying sediments are visible. consists 
lower picrite portion, traversed pegmatite veins, exposed from 
sea-level feet. The picrite followed abruptly olivine- 
rich dolerite (henceforward called picrodolerite) which gradually 
changes upwards, reduction the modal amount olivine and 
the assumption increasingly ophitic texture, into crinanite 
approximately 150 feet above sea-level. The upper 250 feet the sill 
are composed entirely crinanite. 


Picrite. 


The picrite contains 61—66 modal per cent olivine, with apparent 
upward variation amount. The olivine grains are poikilitically 
enclosed either large laths plagioclase feldspar (average com- 
position large crystals clinopyroxene, and are quite 
clearly very early crystallization. contrast the olivines the 
picrite itself, the olivine similar magnesium-rich composition 
pegmatitic patches may occur very large grains which appear 
ophitic relation large laths calcic plagioclase 

about inches from the abrupt discontinuity with picrodolerite 
the plagioclase laths begin decrease size from the previous average 
cm., continuing until the actual junction they average 


i 
/ ‘ 


The Olivines the Garbh Eilean Sili, Shiant Isles 163 


1-5 mm. length, and are enclosed, along with the olivine grains, 
large clinopyroxene crystals. 

The olivine occurs mainly colourless, rounded grains, some 
cases showing apparent embayment, but the development crystal 
faces against the surrounding plagioclase and clinopyroxene not 
uncommon. This tendency towards idiomorphism shown 
greater extent the olivines enclosed pyroxene. The characteristic 
{021} form well and the most usual habit appears 


olivine (all the olivine stippled optical con- 

tinuity) crinanite 270 feet, plexus small plagioclase 
laths. Ophitic clinopyroxene and ophitic iron ore are also illus- 
trated. 10. 


and sub-ophitic olivine (stippled) crinanite 


225 feet, with group large plagioclase feldspars, some clino- 
pyroxene and iron ore. 10. 


short-columnar with elongation parallel the crystallographic 
axis. fairly good cleavage developed parallel (010). The olivine 
grains are unaltered, except for few anastomosing veins pale 
yellowish-green serpentine, and contain the small rounded inclusions 
noted Drever and Livingstone (1948). These inclusions occur the 
larger grains throughout the sill. The olivine shows complete 
gradation grain size. The larger grains are mm. diameter, 
and the overall average diameter 0-5 mm. Some the smaller 
grains occur slightly deoriented groups and probably represent the 
broken-up remnants original larger crystals. few crystals show 
lamellar twinning. analysis revealed indication 
preferred orientation the olivines the picrite. 
Picrodolerite. 


the picrodolerite, approximately foot above 
picrodolerite junction, the modal amount olivine has dropped 
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sharply per cent and the mineral occurs two distinct ranges 
grain size. The plagioclase feldspar has crystallized plexus 
small laths with average length mm. ophitic intergrowth 
with clinopyroxene. The feldspars are zoned with average core and 
margin compositions and respectively The small plagio- 
clase laths enclose the smaller olivine grains and are indented the 
larger grains, while the clinopyroxene encloses both large and small 
olivines, There are occasional clusters larger feldspar laths (Text-fig. 
1b) and these have random distribution throughout the remainder 
the sill but tend appear every thin-section. The modal amount 
olivine decreases the picrodolerite traced upwards and, height 
feet, the first sign different textural relationship between 
olivine and plagioclase appears, the larger olivine grains being 
occasionally indented plagioclase laths. This coincides with the 
onset zoning the olivines. Above this height the rock becomes 
increasingly crinanitic character. 

The larger olivine grains the lower picrodolerite average mm. 
diameter and the smaller grains 0-1 mm. The larger grains are much 
more ragged than those the picrite and occur slightly deoriented 
clusters with very little tendency towards idiomorphism. The smaller 
grains show more rounded boundaries. example smaller grains 
occurring optical continuity with contiguous larger grains was found. 
The grains are still colourless and show good cleavage parallel 
(010). the higher picrodolerite the first signs zoning the larger 
olivine grains appear, narrow marginal zone being slightly more iron- 
rich than the core. this narrow border zone which encloses the 
plagioclase laths. This type zoning continues upwards for 100 feet, 
with concomitant increase compositional range. The large olivine 
grains the clusters assume increasingly ophitic relation the 
plagioclase laths (zoned from but they still show some 
tendency develop crystal faces when enclosed pyroxene. 
The small olivines become less number and are still granular. The 
cracks the olivine grains now contain yellowish-brown and brown 
serpentine but the grains themselves show sign change colour. 


Crinanite. 


The passage from picrodolerite crinanite gradual one marked 
steady decrease the amount olivine and increase its 
ophitic relation plagioclase until, the higher crinanites, the rock 
contains large crystals olivine and titaniferous clinopyroxene, both 
ophitic relation numerous small plagioclase feldspar 
(zoned with average composition for the core and An,; 
for the margin the laths). 


the lower crinanites the zoning the large olivine grains becomes 
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continuous from core margin and its range continues increase. 
The zoning now conspicuous due the change the interference 
colour from the cores the grains their margins. 175 feet 
the larger olivine grains still occur only granular clusters, but these 
larger grains have now become subophitic, and the smaller grains 
ophitic, towards the plagioclase laths. The smaller ophitic grains have 
become fayalitic appearance, being pleochroic with and pale 
yellow and pale orange-yellow, and the olivine grains are altered 
along broader cracks brownish serpentine. the higher crinanites 
the large olivines appear the relatively non-ophitic central parts 
large ophitic crystals which may extend optical continuity over areas 
inches diameter but few granular clusters still persist 
(Text-figs. and Some the olivines the clusters are very 
strongly zoned. The olivine grains which most nearly approach 
fayalite composition are brownish-yellow colour and are pleo- 
chroic, with and pale brownish-yellow and pale orange-yellow. 

The alteration the olivine more pronounced these rocks, and 
relics the mineral occur surrounded dark green serpentine 
associated with grains magnetite. 

example reverse zoning has been found, the core every case 
being more magnesium-rich than the margin. 


DETERMINATION COMPOSITION THE OLIVINES 


Determinations the optic axial angle the olivines have been 
made 148 grains twenty-two thin sections rocks collected 
regular intervals throughout the height the sill. the case 
unzoned olivines the composition obtained this method was checked 
measurement the refractive index Refractive index determina- 
tions were not made zoned olivines because the limitations the 
method discussed Tomkeieff (1939), and the determination 
birefringence the Berek Compensator was not regarded sufficiently 
sensitive accurate usefully employed check the com- 
position inferred from determination the optic axial angle (Hey, 
promising method checking the composition zoned 
olivines appears investigation with the Phillips X-ray 
spectrometer fractions separated means heavy liquids, but 
too little data has far been accumulated assess the value this 
method for zoned crystals. Two olivines have been separated and 
chemically analysed Mr. Murray, who has very kindly placed 
his results the disposal. 


Optical Determinations. 


The size the angle was measured four-axis Universal 
stage sodium light. the rocks with unzoned olivines, grains were 
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chosen which were oriented such way permit direct measure- 
ment 2H, and the conoscopic method Hallimond (1950) was used. 
This method was adopted was found reduce the discrepancy 
between the sets values for obtained for the olivines single 
specimen measurement about and (Game, 1941). This 
discrepancy was, indeed, reduced but not obviated entirely, the value 
for 2Va found measurement about being consistently smaller than 
that obtained measurement about The average difference the 
values obtained from thirty-eight determinations about and 
twenty-one determinations about explanation this can 
offered present. approximately equal number determinations 
about each bisectrix was made wherever possible, and the average 
value was taken representing the true average optic axial angle 
the olivines the rock. 

the case the zoned olivines the direct conoscopic method was 
used whenever suitably oriented grain could found. This became 
increasingly difficult the olivine grains decreased number and 
developed greater ophitic tendency, and the indirect method using 
the stereographic projection had employed more frequently. 
certain extreme cases, where the rock contained large ophitic crystals 
olivine, the method Berek, modified Dodge (1934), had 
adopted. 

The probable accuracy individual determinations -}- for 
unzoned olivines and for zoned olivines. 

The refractive index was determined sodium light suitably 
oriented grains the immersion method and Leitz-Jelley refracto- 
meter. The accuracy the determinations 


Composition Determined Chemical Analysis. 


The first analysed olivine was separated from the specimen 
collected the lowest exposure picrite, and the other olivine (II) 
from the specimen collected approximately foot above the picrite- 
picrodolerite junction. The compositions found chemical analysis 
are shown below, together with the optical data for these olivines. 


Mol. per cent 


(from analysis). 2Va S.G. 


Calculation from 2H. 


calculate from table similar that given Tomkeieff 
was drawn from the values for and shown graphically Deer 
and Wager (1939). Using this table values obtained for the 
chemically analysed olivines indicated compositions which showed 


The Olivines the Garbh Eilean Sill, Shiant Isles 167 


rather poorer correspondence those obtained chemical analysis 
than those obtained the use Tomkeieff’s table. 
The respective figures are 


Olivine Olivine 
2Va (Deer and Wager) 87-2) Average 
minations 


Mol. per cent Fa. (Deer and Wager) 
All available data the variation optical properties with com- 
position chemically analysed olivines was therefore collected and 
tabulated. When the values for and from the literature were 
plotted against molecular per cent was seen that the variation 
natural olivines essentially the straight line type shown 
the synthetic olivines (Bowen and Schairer, 1935). The variation 
2V, however, appeared follow more closely, least 
magnesium-rich range composition, the curve constructed 
Winchell and Winchell (1951) than the straight line course shown 
Deer and Wager. was from Winchell’s earlier work (Winchell, 1933) 
that data was obtained, and this data, slightly modified 
the light more recent work, has therefore been used calculating 2V, 
and hence the composition the olivines discussed below. 


VARIATION COMPOSITION THE OLIVINES 
Variation within Single Rock Specimen. 


the case the determinations were made six 
specimens collected fi. feet apart, average seven determina- 
tions being made each. further ten determinations were made 
thin sections cut from specimens immediately below the picrite- 
picrodolerite junction. range values for was found every 
case, but all but one instance this was due the previously mentioned 
discrepancy between the values obtained measurement over and 
The range values obtained over any one bisectrix was found 
corresponding compositional range approximately two molecular 
per cent Fa. average composition for the olivine each specimen 
was inferred from the average all determinations made that 
specimen. The sole exception was the specimen from the lowest exposure 
picrite. this was found that there was greater range the 
values obtained over single bisectrix. The values obtained for very 
large grains indicated composition compared with 
the average for the specimen. 

The picrodolerite contains olivine grains two distinct and widely 
different size groups, fact which suggests that two generations 
olivine are present. zoning the olivines was found the lower 
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picrodolerites spite careful search, and specimens this rock 
were therefore examined the same manner those from the picrite. 
apparent range composition due the difference values 
obtained over and was again encountered. Attention was con- 
centrated possible difference composition between the olivines 
the two size groups, and series twenty-two determinations 
was made over was found that each the three specimens 
examined the small olivines were slightly more iron-rich than the large 
grains. The greatest difference found was per cent and the 
average was per cent Fa. view the small difference composi- 
tion between the large and small olivines, the average all measure- 
ments was again used obtain the average composition the olivine 
each specimen. 

the rocks containing zoned olivines averaging results was 
attempted. many determinations possible were made each 
specimen order obtain reasonable indication the range 
zoning. Because the large size the olivine crystals the upper 
crinanite the modal amount olivine individual specimens that 
rock varied considerably, and some cases only very limited range 
composition could determined. 


Variation Throughout the Sill. 


Text-fig. the variation composition the olivine plotted 
against height the sill. 

The average composition the olivine phenocrysts the chilled 
rock, the probable bottom contact the sill (see 162) was found 
measurement and given for comparison with the values 
obtained for the other rocks the sill. mol. per cent Fa. 

Text-fig. shows indication any systematic change the com- 
position the olivines the picrite. spite the abrupt changes 
texture and the modal amount olivine across 
picrodolerite junction, correspondingly abrupt change the com- 
position the olivine takes place. Nor does the onset zoning 
the olivines coincide with this change, the first zoned olivines appearing 
the picrodolerite some feet above its junction with the picrite. 
The main trend the rocks with zoned olivines increasing range 
the zoning, with simultaneous increase the amount the 
fayalite molecule the olivines height gained the sill. With the 
change from the narrow-zoned-rim type the continuous type 
zoning there appears sudden extension the compositional 
range towards fayalite, and the olivines most the higher crinanites 
have margins approaching exceeding mol. per cent Fa. The cores 
the olivine crystals, however, remain magnesium-rich throughout the 
sill. Unfortunately, unbroken exposures were unobtainable above 
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Mol. Pae 
the olivines plotted against height the 
composition unzoned olivines obtained chemical analysis. 
range composition zoned olivines obtained 
measurement 2V. 

The indicated height the picrite-picrodolerite junction 
refers only its height the vertical section from which the rock 
specimens under discussion were collected. 

370 feet, that the picture the trend the olivines above that height 
imperfect. specimen, collected feet above the highest serial 
specimen, but separated from probably fault, gave range 
zoning its olivines from and another, collected from the 


400 
300 
250 
200 
150 
| 
Nerrow 
100 zoned 
Trin. 
. 


170 Johnston— 


highest point the island, 528 feet, furnished range 
with partial return the core and type zoning. The 
data from these two exposures may give some indication the further 
trend the crystallization history the olivines. The apparent 
decrease range zoning shown some the specimens from 
the higher crinanites (notably that collected 240 feet) probably due 
the difficulty encountered determining, even approximately, the 
true range zoning rocks containing large but relatively few 
crystals olivine. The range zoning shown the olivines the 
upper rocks the sill quite remarkable, and far known 
the writer the only comparable range that the olivines the 
luscladite from the Austral Islands recorded Tomkeieff. The 
height 370 feet. The ranges zoning the various rock-types 
agree fairly well with Tomkeieff’s figures for similar rocks, and the 
relatively wider range zoning the crinanite supports his statement, 
reiterated Chudoba and Frechen (1943), that the more alkaline 
rocks basic minor intrusions that the compositional range zoned 
olivines greatest. The crinanite, however, less alkaline and less 
melanocratic than the luscladite which, previously mentioned, its 
closest parallel range zoning olivines. the crinanite laccolith 
Circular Head, Tasmania (Edwards, 1941), which 440 feet thick, 
but shows both top and bottom contacts, the concentration olivine 
towards the base not marked, the greatest recorded amount 
being 24-9 per cent. The olivine apparently not zoned the 
normal sense, but the core separated from the margin zone 
iddingsite. 

plutonic equivalent the Garbh Eilean sill known the 
writer, but the Skaergaard intrusion east Greenland (Wager and 
Deer, 1939) the olivines show range composition from 
gabbro-picrite fayalite-ferrogabbro. The rocks this 
intrusion, however, stem from tholeiitic parent, and there gap 
the crystallization the olivines between approximately Fa,, and 
approximately the Garbh Eilean sill, which alkaline 
type. the course crystallization the olivines remained unbroken. 

Full discussion the crystallization history the olivines and the 
part they play the differentiation the Garbh Eilean intrusion must 
clearly await the results the detailed petrological and geochemical 
work which has not yet been completed. 
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The Bearing Rolled Garnets the Concept 
b-lineation Moine Rocks 


ABSTRACT 


preliminary examination Moine rocks containing rolled 
garnets from three widely spaced localities the North-West 
Highlands indicates that the lineation all cases parallel 
This accord with Phillips’ theory that the metamorphism the 
Moine schists was due movement north-easterly south- 
westerly direction. Caledonian age for the metamorphism the 
Moines therefore appears unlikely. 


valuable detailed work Phillips (1937, 1949) has presented 
comprehensive picture lineation the North-West 
Highlands. Phillips believed that the lineation was true b-lineation 
and therefore that the movement which accompanied the meta- 
morphism acted from the south-west north-east. Other writers, 
however, have been reluctant accept this interpretation, shown 
the papers Cloos (1946) and Anderson (1948, 1951). They 
regard the lineation the Moines a-lineation and thereby bring 
the direction transport into line with the north-west south-east 
direction movement operative during the Caledonian orogeny. 
The entire argument has been summarized recently Phillips (1951) 
and will not elaborated here. 

would appear fundamental importance any considera- 
tion the Moine metamorphism settle the question the relation 
the lineation the axes and also seems necessary decide 
this direct study the Moines rather than from theoretical con- 
siderations comparison with lineations obtaining other regions. 
That a-lineations exist elsewhere does not prove that lineation the 

The writer decided collect garnetiferous Moine rocks 
attempt determine from any rolled garnets present the correct 
orientation the plane. fundamental assumption, which the 
writer has not seen disputed, that the plane which shows the maximum 
development S-shaped lines inclusions rolled porphyroblast 
must contain the and axes. The axis rotation is, course, the 
axis. then becomes possible state whether the lineation 
parallel some other direction. 

Some twenty oriented specimens were collected and sections were 
cut normal the schistosity, one parallel and one normal the 
lineation. This revealed rolled garnets rocks from three localities. 
The examples will described separately. 

(1) The first specimen was collected the roadside east the Kyle 
Tongue and just west Lochan Hakel. The rock garnetiferous 
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amphibolite typical the Moine rocks Lewisian type this area. 
was selected partly account the strongly developed megascopic 
lineation the amphibole because this makes cutting the sections 
parallel normal the lineation much easier. The trend the 
lineation 135° and the schistosity dips 20° that direction. 
large section, measuring cut normal the lineation, 
twenty-nine garnets are visible. these eighteen show distinct 
S-shaped swirls inclusions. Sections cut parallel the lineation 
show signs rolling the garnets. The lineation thus parallel 
the axis rotation the garnets and therefore 

Text-fig. shows the orientation the axes 100 crystals 


100 z-axes hornblende. Contours 18, 15, 12, and per 
cent. Arrows indicate rotation direction garnets. Lower 
hemisphere. 


2.—200 normals prismatic cleavages hornblende Text-fig. 


hornblende section the above rock cut normal the 
Text-fig. shows the girdle formed the prismatic cleavages the 
same 100 crystals. The two diagrams could not combined one 
figure they overlap Text-fig. shows that the hornblende 
strongly lineated parallel while some per cent the crystals 
lie parallel attempt was made record the orientation the 
quartz girdle relation the lineation the amphibole, but 
distinct girdle emerged after 200 optic axes had been plotted. However, 
Phillips (1937) has recorded quartz girdle from locality only one 
mile the west Lochan Hakel, and the writer has obtained similar 
girdle for rock the outlet Loch Loyal. The trend the lineation 
these two cases 092° and 110° respectively, indeed throughout the 
Ben Loyal area always lies within the south-east quadrant. The 
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quartz girdle may therefore expected lie right-angles the 
lineation the amphibole because, Phillips has repeatedly shown, 
the fabric Moine rocks essentially homotactic respect the 
various Component minerals. 

Those favour a-lineation may argue that the swirls the 
garnet are relict feature from some previous metamorphism and that 
the time the Moine thrust the other minerals recrystallized with 
the formation a-lineation. However, thin section very 
clear that the garnet and amphibole crystallized together the crystals 
hornblende are forced aside the growing garnet. the garnet 
relict mineral there seems reason for this happen and 
the garnet itself has recrystallized the swirled inclusions would surely 


3.—Mica schist, Garbh Allt, Carn Chuinneag. quartz. 
Contours and per cent. 


TEXT-FIG. 4.—200 muscovite and biotite from the same rock Text-fig. 
Contours 10, and per cent. Max. per cent. 


have become disoriented. any case swirls are present cannot 
disputed that the original metamorphism these rocks must have been 
caused movement from the north-east south-west. This still 
true even the lineation ignored altogether and the geographical 
orientation the swirling the garnets considered itself. 

(2) The second specimen was collected from the Airde Shinness 
and again garnetiferous amphibolite. The trend the lineation 
this case due east while the schistosity dips north 30°. The 
amphibole again strongly lineated and sections cut normal this 
lineation show few rolled garnets. Those cut parallel the lineation 
show none. The general conditions are similar those the Kyle 
Tongue but are less well developed. 
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(3) the Geological Survey Memoir describing sheet (1912) 
excellent descriptions are given the classical rolled garnets the 
Garbh Allt (Salachie Burn) exposures, while plate ix, figs. and 
show the highly developed swirls which characterize some the 
garnets this area. collection specimens was made the writer 
the Garbh Allt but unfortunately none the oriented specimens 
collected showed rolled garnets whereas one taken random 
revealed excellent examples. The rock garnetiferous mica schist 
with abundant small flakes biotite and muscovite set quartzose 
groundmass. Sections cut normal the lineation show garnets rolled 
rather depicted plate ix, fig. the Survey Memoir. Garnets 
cut parallel the lineation show more less straight lines inclusions 
varying angles the schistosity. 

Text-fig. shows the orientation 250 quartz optic axes slide 
cut normal the visible lineation. order locate the emergence 
the axis with greater accuracy, the orientation the poles the 
cleavage 200 mica flakes shown Text-fig. Remarkably 
similar diagrams were obtained Phillips (1937) for the Inchbae 
gneiss which lies some miles the S.S.W. but essentially part 
the Carn Chuinneag mass whole. The lineation throughout this 
region trends towards the south-east but often complicated 
steeply dipping schistosity. 

The arrows Text-fig. indicate the direction rotation the 
garnet, deduced from the S-shaped swirls. interest note 
that the rotation assumed caused couple acting parallel 
the schistosity, the lesser quartz maximum opposed the 
direction movement. This may value interpreting similar 


CONCLUSIONS 


would unwise draw far-reaching conclusions the basis 
three localities which show The object this preliminary 
note draw attention the value collecting oriented specimens 
garnetiferous Moine rocks. Even workers not wish construct 
petrofabric diagrams, just valuable record the geographical 
trend the axis rotation any rolled garnets and possible relate 
the lineation. practice the writer has often found necessary 
cut number sections each rock before one found which gives 
clear evidence rolling. 

Many more rocks require investigated this way, but 
b-lineations are consistently indicated will possible assume 
that the direction transport always right-angles the recorded 
lineation the Moines, Phillips has contended for long. 


. 
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The Extent Glaciation the Island St. Kilda 
WAGER 
(PLATE VII) 


ABSTRACT 


Moraines which one case least contain striated boulders, 
show that, the maximum Quaternary glaciation, small, thin 
glaciers developed the island St. Kilda certain favourable 
places. There evidence that the Hebridean ice sheet reached 
the island and signs raised beaches which would indicate 
recent emergence. 


largest island the St. Kilda group, St. Kilda Hirta, 

has area square miles and rises height 1,396 
feet. Its isolated position, miles west Harris the Outer Hebrides, 
makes the question its glaciation some interest. The glaciated 
surfaces Lewisian gneiss which are impressively developed over 
most the Outer Hebrides indicate that they were submerged ice, 
Geikie (cf. 1894, pp. showed, height 1,600 feet 
perhaps 2,000 feet suggested Jehu and Craig (1933, 868). 
Geikie (1894, 86) pictured the ice sheet probably extending west- 
ward the edge the continental shelf correct, this would include 
St. Kilda. Cockburn (1935, 544), during geological survey the 
St. Kilda group 1927 and 1928, failed find far-travelled erratics 
except the storm beach Village Bay positions which 
they had probably been carried the St. Kildans. Transport ships’ 
ballast floating ice seems the likely explanation these well 
rounded gneiss boulders, and the probability is, maintained Cock- 
burn, that St. Kilda was not reached land ice from the Hebrides. 
Cockburn (p. 544), however, leaves open the question whether there 
was local glaciation not, but makes the statement that St. Kilda 
there entire absence rock-striae, roches moutonnées, moraines, 
other definite glacial phenomena which suggests that favoured 
the view that there had never been land ice the island. 


During recent visit St. Kilda July and August, 1952, 


primarily re-examine some the Tertiary igneous rocks, the author, 
Dr. Cockburn’s suggestion, devoted some attention the question 
whether not the island had been glaciated and clear evidence 
was obtained minor local glaciation while Cockburn’s view that 
land ice from the Hebrides the mainland Scotland did not reach 
the island, was confirmed. 

Systematic observations were confined the neighbourhood 
Village Bay (Text-fig. 1). Here rock debris produces arcuate ridges the 


VOL. XC—NO. 


. 
. 
Ay 


178 Wager— 


foot Mullach Sgar and Glacan Conachair (Plate VII). was thought 
first that these might represent nothing more than scree which had 
slid down extensive snow drifts, but Glacan Conachair the cliffs 
have been steepened near the bottom what clearly the plucking 
action ice. rounded ridge also crosses the valley between Oiseval 


ice front 
Retreat 
stage 
Estimated 
upper limit 
of ce 


fronts the maximum glaciation, the Village Bay area, 
St. Kilda. 


and Conachair, giving relatively fertile flat behind it, and this 
interpreted small terminal moraine. 

From such evidence the existence small neve and ice patches 
seemed clear enough, but these define stages the retreat more 
extensive ice masses, they represent the maximum glaciation 
Fortunately the 10-ft. cliffs Village Bay behind the storm beach 
and extending the pier, provide clear answer. The lower feet 
the more westerly part these cliffs consist boulder clay type 
deposit—angular blocks variable size stiff compact clayey 
matrix. small proportion the medium sized blocks show glacial 
striae and characteristic subangular form there doubt that they 
have been transported ice subglacial material. The boulders are 
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fine-grained gabbro, basalt, plutonic agglomerate, and granite, rock 
types available the north and west. Above the boulder clay 
gravel deposit, probably glacial outwash. hundred yards eastward 
the best exposures the boulder clay, solid granite exposed the 
cliffs beneath the superficial deposit. The granite surface unglaciated 
and passes into head granite blocks with occasional dolerite 
dyke material, all derived wash and solifluxion from the slopes 
Oiseval. The glacier clearly did not reach this point and the edge 
the glacier can thus defined within narrow limits. With this 
clue the boulder clay deposit can traced across part the formerly 
cultivated land the village and its extent particularly clear Lag 
Aitimir the southern slopes Conachair. The main stream the 
island, Amhuinn Mhor, cuts shallow gorge through the glacial 
deposits over most its length. clear that ice tongue came 
down from the eastern slopes Mullach Mor and that was small, 
shallow tongue, not occupying more than about half the low ground 
between the hills Conachair, Oiseval, and Mullach Sgar, and 
probably only just reaching the present shore. the east side 
Ruaival, south the moraines Mullach Sgar, there thick rubbly 
deposit, resting directly gabbro and well seen along the shore. This 
more oxidized and distinct texture from the morainic material 
which well exposed immediately the north. interpreted 
accumulated without the aid ice, the deposit near the 
pier. The accompanying map (Text-fig. shows the position 
ice fronts the maximum glaciation and certain stages retreat. 
The position the upper edge the neve fields surmised from the 
lie the land and the likely behaviour such patches. 

the north-west part the island there evidence former 
glacier Gleann Mor would expected, but detailed examina- 
tion was made. The limit the glaciation has not been defined there 
and probably circumstances are not favourable for doing 
the neighbourhood the village. 

clear that St. Kilda, situated surprising isolation miles 
west the Outer Hebrides the edge the continental shelf, was 
just able support thin, small glaciers during the maximum 
Quaternary glaciation. seems also clear from the absence extensive 
glaciated surfaces far travelled erratics that the ice sheet the 
Outer Hebrides and the mainland Scotland did not reach St. Kilda. 
James Geikie’s hypothesis (1894, 86) that land ice extended the 
outer limit the continental shelf not tenable, any rate for this 
part the shelf area. The conditions St. Kilda are not similar 
those the Outer Hebrides. There the movement ice sheet across 
the islands the westerly northwesterly direction abundantly 
proved the glaciated surfaces and also erratics from the 
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mainland, though rare, are not The outer edge the main 
Quaternary ice sheet must have lain somewhere between St. Kilda 

and Long Island. The suggestion that land ice reached Rona, 

Sula Sgeir, and the Flannan Islands, lying some way north and west 

Lewis, has been made Wilson Dougal (1928, 18) and Stewart 

(1932, 1933). Perhaps detailed study the topography the sea floor 

would reveal the outer limit the ice sheet perhaps might 

defined representative collection stones were dredged from the 

sea floor the area. 

The general form the hills and valleys St. Kilda away from the 
coast essentially the result subaerial denudation modified only 
here and there, and then only insignificantly, ice. raised beach 
wave cut rock platform seen the island. St. Kilda probably 
did not suffer the various relative movements sea and land which are 
registered the deposits North Lewis (Baden-Powell, 1938). 
this respect, but not glacially, the conditions St. Kilda seem 
have been more like those the southern islands the Outer Hebrides 
where there are raised beaches indicate recent emergence but 
some evidence suggesting recent subsidence (Jehu and Craig, 1923, 
422). 

The expedition, some results which are presented here, indebted 
the Marquess Bute, the present owner St. Kilda, for permission 
visit the island. 

The striking morphological effects ice erosion the Outer Hebrides 
due ice sweeping over the islands general westerly north-westerly 
direction, combined with the scarcity mainland erratics suggested James 
Geikie that the lower layers the ice sheet, carrying mainland and Skye 
erratics were deflected northwards and southwards avoiding the islands, while 
the upper layers, free from mainland rocks, moved westwards over the islands 
and effected the glacial erosion. However, the top layers were essentially 
free from abrasive morainic material difficuit understand how the 
impressive amounts ice erosion were produced. Perhaps the explanation 
lies the reduction with time the amount morainic material carried 
the ice. the earlier stages the westward flowing ice perhaps carried plenty 
mainland and submarine material effect the powerful erosion indicated 
the present form the land, the material being dumped westward and 
now out sight beneath the sea. time passed there would less 
and less rock material available for transport moraine and the end, when 
the ice sheet melted away, there would practically erratic material 
deposited. parts East Greenland, e.g. the low mountain area south 
Angmagssalik, the form the mountains indicates powerful glacial erosion 


but the country virtually free from drift because the time the ice 
finally retreated from the area was essentially free from morainic material. 


REFERENCES 
BADEN-PowELL, W., 1938. the Glacial and Interglacial Marine 
Beds Northern Lewis. Geol. Mag., 


M., 1935. The Geology St. Kilda. Trans. Roy. Soc. 
Iviii, 511-547. 


f 
| 
| 


: 
we 


PLATE 


— 
2. 


Glaciation St. Kilda 181 


J., 1894. The Great Ice Age. Stanford. 

J., and M., 1923. Geology the Outer Hebrides. Part 
The Barra Isles. Trans. Roy. Soc. Edinb., 419-441. 

1933. Geology the Outer Hebrides. Part North Harris and 
Lewis. 

1932. Notes the Geology North Rona. Geol. Mag., 179-185. 

STEWART, M., 1933. Notes the Geology Sula Sgeir and the Flannan 
110-16. 

J., 1924. Observations the Geology Lewis. Trans. 
Edinb. Geol. Soc. (Sessions), xii, 12-18. 


DEPARTMENT GEOLOGY AND MINERALOGY, 
UNIVERSITY MUSEUM, 


EXPLANATION PLATE VII. 


View westward from the manse (partly hidden the cleit the foreground) 
showing moraines along the north-east foot Mullach Sgar. The 
sea cliff from which glaciated boulders were obtained seen behind 
the three chimneys the manse. 
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Local Potassic Modification the 
Ballachulish Granodiorite 


(PLATE VIII) 


ABSTRACT 

The development potash-rich pyroxene-bearing rocks around 
inclusions derived from the Appin limestone associated with the 
transfer magmatic silicon, aluminium, iron, and sodium. Calcium 
lost the magma, combining with further silicon, aluminium, 
and sodium form marginal zone rich plagioclase, has left the 
magma enriched potassium. 


INTRODUCTION 


the course investigation the rocks the Ballachulish 
Igneous Complex, xenoliths derived from the Appin limestone 
were discovered the bed the little stream which enters Loch Linnhe 
about yards south-west Kentallen station. They occur little 
outcrop about yards inside the contact the granodiorite and about 
150 yards from the coast. The xenoliths, pale green colour and 
ranging from few inches feet diameter, have been disrupted 
the host rock splitting them along their bedding planes, that they 
now form sub-parallel slabs about inches width. Directly enclosing 
them VIII, fig. white dioritic zone sericitized plagioclase 
inches width, and turn passes out into the potassic 
syenite, pale pink zone about inches broad, composed largely 
perthite. This succeeded somewhat wider zone augite syenite 
which gradually merges into the granodiorite. 

The Appin limestone outcrops two parallel narrow bands, the 
upper which well exposed waterfall about yards below the 
xenolithic locality. Here almost pure carbonate rock containing 
both calcite and dolomite. little forsterite, tremolite, and colourless 
serpentine are also present, mainly narrow bands and sometimes 
little phlogopite and pyrite occur. analysis this rock given 
Table Although alkalies were not determined, they must 
present mere traces, for the total already 99-91, and phlogopite, 
the only alkali-bearing mineral present, minor accessory. The 
contact the limestone with the igneous mass hidden, for the lime- 
stone and associated phyllites are overfolded locally and their strike 
deflected the north, away from the granodiorite when they approach 
the contact. 

described Bailey the Survey Memoir (1916) the grano- 
diorite Ballachulish grey, medium grained hornblende-biotite 
type (anal. Table column which the plagioclase zoned from 
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and the potash feldspar feebly microperthitic. Yellow- 
green hornblende 1-665) and greenish-brown biotite 1-642) 
are the principal ferromagnesian minerals and sphene, large ragged 
crystals moulded the hornblende prominent accessory, also 
are the large zircons and apatite. The iron ores are magnetite and 
pyrite and little orthite sometimes present. 


THE XENOLITHS 


Two zones have been recognized the xenoliths, inner one rarely 

preserved and composed grossular-andradite garnet and diopside, 

and outer diopside-plagioclase zone. The inner zone composed 
large idioblastic crystals pale yellow grossular-andradite 
and little stout prisms pale diopside. Sometimes the garnet has cores 
interference tints and sector twinning contrast the isotropic 
coloured garnet. Towards the outer part this zone the garnet 
becomes unstable, its place being taken turbid plagioclase and 
diopside. 

The outer parts the xenoliths are composed mainly small stout 
brown sphene set feldspar base. Much this appears have been 
plagioclase now mostly altered white mica and epidote. 
little potash feldspar also present. The margins the xenoliths 
are very distinct and clear that their mechanical disintegration has 

not yet begun. analysis the outer zone the xenoliths given 
Table column 


THE MARGINAL ROCKS 
The Altered Plagioclase Zone. 


This zone, intensely white hand-specimen, always intervenes 
between the xenolith and the potassic syenite. Much the plagioclase 
has been sericitised and most the rest covered with fine 
brown decomposition product. Some the plagioclase has been 
replaced microperthite, which its turn has been altered. Little 
euhedral wedges pale brownish sphene, needles apatite, and large 
anhedral grains colourless augite 1-684, 58°) are the 
only other minerals present. analysis and calculated mode this 
zone are given Table column III. 


The Potassic Syenite. 


While fairly sharply defined hand specimen, the potassic 
syenite nevertheless exhibits perfect gradation into the altered 
plagioclase zone thin section. The transition begins with the 


All refractive indices -002. 
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appearance interstitial microperthitic feldspar which wedges 
between the oligoclase crystals and fingers along the cleavages. 
the same time the sphene becomes deeper colour and the first traces 
colour zoning can noted the pyroxene. With increasing potash 


TABLE 
SiO, 62-51 59-81 59-11 65-72 
FeO 0-20 5:03 0-41 2-07 
CaO 7:13 2:01 5:05 2-69 
n.d. 2:35 3°49 4-49 
n.d n.d. 
less 00-09 

99-91 100-19 99-70 100-30 

Na,O K,O 

CaO 

K,O T Na,O 

K,O 
Na,O 


Appin Limestone, waterfall stream yards east Kentallen 
railway station. 
II. Limestone Xenolith, north branch little stream yards above 
limestone outcrop. 
Altered Plagioclase zone. 
IV. Potassic Syenite. 
Augite Syenite. 
VI. Granodiorite Ballachulish complex. Beinn Bhaithe Bheithe. 
VII. Biotite Adamellite, southern slopes Sgorr Dhonuill. 


All analyses Muir. 


feldspar this type rock gradually gives way one which large 
perthite crystals mm. diameter enclose corroded relics 
plagioclase, margined albitic rims. such rocks, typical the potassic 
makes about per cent the rock, corroded cores lime-bearing 
plagioclase being the only other major constituent. The analysed 
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specimen (Table column such rock. Between adjacent 
perthite crystals narrow discontinuous fringe albitic plagioclase 
Occurs, and this found only between adjacent grains 
potash feldspar and never between potash feldspar and quartz 
potash feldspar and augite. Both the potash feldspar and the plagio- 
clase cores are somewhat altered, but the albite spindles and fringes are 
always perfectly fresh. 


Norms. 
IV. 


0-25 
20-29 

1-70 


3-00 


Modes. 
Hornblende 
Biotite 15-2 


Calculated from analysis. Including hornblende. 


7 2 


14-2 


The plagioclase cores enclosed the perthite are zoned from 
and these are sharply rimmed clear albite-oligoclase 
Green augite 1-695, 56°), occurring either prisms 
ragged grains and frequently associated with sphene, the most 
prominent ferromagnesian constituent. Accessories are long wispy 
needles apatite, little interstitial quartz, and few grains 
magnetite. 

From its mineral constitution this rock would classed nord- 
markite, but the chemical analysis shows the alkali feldspar 
potash-rich type containing significant amount barium, whereas the 


2-86 
1-2 
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alkali feldspars the nordmarkites have soda dominant over potash. 
The rock has therefore been called potassic syenite, with which the 
closest chemical comparison the hololeucocratic syenite veining 
limestone, from Carlingford, described Nockolds (1950). 


The Augite Syenite. 


With progressive increase the dark mineral content, the potassic 
syenite grades into the augite syenite (anal. Table column which 
crystals augite, hornblende, biotite, and zoned plagioclase 
are enclosed the potash feldspar. this zone the albitic fringe 


TABLE AND OPTICAL PROPERTIES PYROXENE FROM THE 
AUGITE SYENITE 


Mol. Prop. Metals OH). 


SiO, 0-860 1-950 

1-04 0-006 0-027 
FeO 0-129 0-292 
MnO 0-007 0-015 1-990 
CaO 22°86 0-923 
0-16 

99-85 


Anal. Muir. 


1,700 

pale green 


the potash feldspar has its maximum development, but otherwise the 
feldspars show similar features those the potassic syenite. Quartz 
with large fluid inclusions occurs interstitially small groups 
anhedral grains. The pyroxene (anal. Table now distinctly green 
colour, not sodic variety. Two amphiboles are present, one 
early crystallizing form the yellow-green type 
similar that the granodiorite. This hornblende mantled 
green pyroxene which appears forming its place, some 
cases where the pyroxene occurs tiny granules, actually 
replacing (Plate VIII, fig. 2). The second amphibole, apple-green 
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variety very late formation, may partly enclose the pyroxene 
the early hornblende and was clearly stable mineral 
this environment. Occurring distinct subhedral grains, frequently 
all the other minerals except the potash feldspar. Its optical properties 
are pale yellowish green, olive green, apple green, 

Biotite, which sometimes chloritized, persists nearer the xenolith 
than does the hornblende, but too becomes reduced insignificant 
amounts. Pleochroic from pale yellow reddish-brown, carries 
small apatite inclusions and occurs scattered flakes completely 
enclosed the perthite. appears relatively late formation for 
occurs fringes some the early hornblende patches 
enclosed the pyroxene which appears replacing. never 
occurs fringes the pyroxene does the late amphibole, but both 
appear take the place the pyroxene, the biotite replacing 
internally and the amphibole crystallizing around it. The principal 
accessory minerals are idiomorphic, wedge-shaped crystals pleochroic 
sphene and apatite, occurring either stout prisms long delicate 
needles enclosed perthite and quartz. Orthite, little zircon, and 
pyrite are also present, and the last these may sometimes quite 
abundant. 

Towards the outer part this syenite zone biotite increases relatively 
hornblende, pyroxene becomes very rare, and quartz increases 
amount. Perthite still the most abundant mineral but the perthitic 
spindles are finer. few large sphenes ragged shape occur and these 
are frequently surrounded biotite and appear resorbed. 
Beyond this stage not possible trace the changes because the 
abundance phyllite xenoliths and the restricted nature the 
exposures. 


DISCUSSION 


assumed that the transformation the dolomitic limestone 
the metasomatized xenoliths took place without change volume, then 
possible calcuiate the materials added produce the skarns 
and also those lost the magma during their formation. These data 
are set out Table III. 

From this clear that the xenolith has gained silica, alumina, iron 
soda, potash, and little titania and manganese, but has gained soda 
preferentially potash, for the Na,O molecular ratio 0-34 
the xenolith and 0-50 the granodiorite. Lime and carbon dioxide 
have been lost the magma and magnesia does not seem have taken 
part any transfer. 

Before considering what materials would have removed from 
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granodiorite liquid produce the potassic syenite necessary 
consider the probable composition the initial magma. difficult 
assess the initial composition the liquid which has produced the 
granodiorite the Ballachulish Complex, for this rock heavily 


TABLE III 
Gain loss grms. 
SiO, 3-42 62-00 
Fe,O, 0:03 1-98 T 1°95 
MnO 0-09 0-25 0-16 
MgO 9-07 9-19 
Cao 42-72 21-29 21-43 
100-00 113-23 
Density 


Limestone (Table No. 
Xenolith (Table No. 


contaminated argillaceous xenoliths the coastal sector, basified 
the incorporation earlier igneous material the south, and else- 
where has suffered alteration the adamellite, the latest major 
intrusion the complex. Nowhere possible obtain reasonably 


TABLE 


Removed from liquid Removed from liquid 
adamellite com- granodiorite com- Added limestone 


potassic syenite. potassic syenite. somatized xenoliths. 
SiO, 
FeO 3-0 4-3 
MgO nil 
Na,O 
nil nil 


uncontaminated material. The mode the average granodiorite the 
coastal region (anal. Table column VI) shows the rock have dark 
mineral content nearly per cent, which very high for grano- 
diorite. better working hypothesis consider the original 
magma have composition intermediate between that the present 
granodiorite and the typical adamellite the complex (anal. Table 
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column which virtually uncontaminated. For original liquids 
having these extreme compositions and assuming loss potash, 
the materials which must removed produce the potassic syenite 
are set out Table IV, where they may compared with those added 
the limestone produce the xenoliths. 

Inspection this table shows that except for lime and magnesia 
the materials removed from the magma were the very ones which were 
added the limestone. Rather more alumina relatively has been lost 
the magma than has been gained the limestone. 

has been shown that lime and carbon dioxide were lost the 
xenolith, but clearly lime has not been added form the potassic and 
augite syenites, both which appear derivatives the magma 
processes involving the removal this constituent the augite syenite 
being intermediate stage the development the potassic syenite. 
The analysis the altered plagioclase zone shows that here lime 
released the xenolith was precipitated mainly plagioclase, the 
phase with which the magma was saturated. this way further silica, 
alumina, and soda would removed from the magma, leaving 
greatly enriched potash. Earlier, will remembered, the xenoliths 
took soda preferentially potash. 

has been suggested (Deer, 1937) that the Caledonian granodiorite 
and more acid rocks were not intruded completely liquid condition, 
and that was essentially the partial magma which was involved 
the contamination reactions. the Ballachulish granodiorite the two 
earliest minerals form were andesine and hornblende, and the 
rock was intruded partly crystalline state relic grains hornblende 
and andesine should found the contaminated zones. Plagioclase 
does occur this manner but early hornblende, mantled augite, 
found only the augite syenite, never occurs closer the xenoliths 
and must concluded that has been either completely resorbed 
was never present. Textural evidence supports the latter alternative, 
and elsewhere the granodiorite where augite produced locally 
result reaction with xenoliths, early hornblende never found. 
wouid appear therefore that the granodiorite was intruded 
almost completely liquid condition, the only possible crystalline 
material being plagioclase. 

The problem the disposal magnesia and lime the magma 
remains, and possible that some lime from the magma was drawn 
into the altered plagioclase zone join the production plagioclase 
there. Possibly, too, magmatic magnesia combined there with lime and 
silica produce augite, for the magnesia this zone does not appear 
derived from the xenolith. The amounts involved, however, 
point the original magma being considerably poorer ferro- 
magnesian constituents than the present granodiorite. 
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The normal ferromagnesian minerals the granodiorite, hornblende, 
and biotite are both aluminous types and with the change the com- 
position the liquid, first the place hornblende taken feebly 
aluminous clinopyroxene and then biotite fails form. Henceforth 
all the potash the magma must combine with alumina and silica 
form potash feldspar. this mineral requires considerably more 
silica than does biotite, free silica the magma should reduced and 
this the case, for quartz absent the potassic syenite, being present 
the augite syenite only accessory. The increase the alkali- 
alumina ratio has had another effect. was noted that the syenite 
zones plagioclase crystallized directly from the magma during the 
main crystallization period the rock, for lime-bearing plagioclase 
occurs solely rounded relics enclosed the perthite, the plagioclase 
content the main crystallization period the rock being contained 
the alkali feldspar which now very coarse perthite with albitic 
fringes exsolved between the crystals. These features are identical with 
those described Tuttle (1952, 119) the composition the 
liquid passes from the field two feldspars that where only one, 
alkali feldspar crystallizes. analyses and are plotted Tuttle’s 
diagram (1952, fig. will noted that they lie within the 
two-feldspar field, but this due the lime content the early 
crystallizing plagioclase and the analyses not truly represent the 
potassic nature the liquid from which the bulk the potassic and 
augite syenites crystallized. 

might perhaps considered surprising that from liquid with 
such concentration alkalies none has entered the pyroxene, but 
view the earlier removal soda from the liquid unlikely that 
any enrichment this constituent with respect alumina was effected. 
Potassium, because its relatively large ionic radius could not easily 
enter the pyroxene structure, and for the entry some 
trivalent ion such aluminium ferric iron would required. 
These, have seen, were not readily available. 

the latest stages crystallization the augite syenite, apple- 
green amphibole crystallized out equilibrium with the potash 
enriched liquid. This can attributed decrease the 
rate reciprocal reaction after the xenoliths had been converted 
diopside-plagioclase assemblage and all CO, had been removed from 
the system, permitting further alumina and iron diffuse outwards 
from the granodiorite and once again promote the crystallization 
biotite and amphibole from the magma. Elsewhere the Ballachulish 
Complex was noted that the yellow-green hornblende appeared 
unstable the presence much microperthite, while the apple- 
green variety remained stable this apple-green variety which has 
formed late stage the syenite. 


; 
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Local Potassic Modification the Ballachulish 


COMPARISONS AND CONCLUSIONS 


Comparable modifications granitic rocks limestone contacts 
involving potash the modified magma have recently 
been described Tilley (1949), from Skye, and Nockolds (1950), 
from Carlingford. both cases the localized formation the marginal 
facies was shown the result essentially one-way transfer 
silica, alumina, and iron into the limestone. The removal alumina 
particular has resulted small excess soda over that constituent 
and this turn has suppressed the formation the aluminous ferro- 
magnesian minerals hornblende and biotite and led the appearance 
essentially non-aluminous ferromagnesian mineral, aegirine- 
augite, which the excess soda was incorporated. Ballachulish 
pyroxene again‘was able form, but because the concurrent removal 
soda, excess this constituent over alumina was developed and 
the pyroxene accordingly normal augite, only slightly more iron 
rich than those normally found the more basic Caledonian igneous 
rocks. 

Nockolds (op. cit.) pointed out that when contamination occurs 
granite-limestone contacts the former either becomes basified with the 
formation lime-bearing plagioclase and amphibole pyroxene, 
more rarely the magma modified the loss one more its 
constituents. the Ballachulish example clear that although the 
Appin Limestone was almost pure carbonate rock, two processes 
were involved, for the magma initially lost silicon, aluminium and iron 
the xenoliths thereby forming the garnet-diopside zone, and 
later stage further alteration took place assemblage stable the 
modified magma. this process calcium was lost the magma the 
xenolith was converted diopside-plagioclase rock. all three 
cases the limestones were composed almost entirely carbonates, 
Skye dolomite, Ballachulish dolomitic limestone, and 
Carlingford calcite limestone. Only Ballachulish was any con- 
siderable amount calcium contributed the magma the lime- 
stone, and here this occurred during the further alteration earlier 
garnet-diopside assemblage. Skye and Carlingford the contact zone 
composed grossular and wollastonite, and this 
assemblage was produced simply the addition silicon and 
aluminium from the magma. Skye was formed the almost total 
elimination magnesium well, this constituent migrating further 
inwards into the limestone. Ballachulish, the limestone material 
was the form relatively small xenoliths such inward migration 
calcium magnesium could not occur and diopside-grossular 
assemblage resulted. Because the xenolithic nature the altered 
limestones there was opportunity for further reaction which then 
converted them assemblage stable the modified magma, and 
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this process calcium was lost, the formation wollastonite the 
xenolith being inhibited because the amounts magnesia and 
alumina already available there. Skye and Carlingford extended 
reaction involving loss calcium the magma would probably 
prevented the solidification the marginal facies the intrusive 
rock. 

The calcium transferred the magma was precipitated around the 
xenolith mainly plagioclase whose formation would require the with- 
drawal further silicon, aluminium, and sodium from the magma. 
During this time the composition the modified magma would remain 
Tuttle’s two-feldspar field. The removal magmatic constituents 
form the altered plagioclase zone resulted the modified magma being 
locally enriched potash with respect soda and lime that the 
liquid entered the one-feldspar field and alkali feldspar alone 
crystallized, producing the potassic syenite. 

The author desires express his gratitude Professor Tilley 
and Dr. Neckolds for their helpful advice and criticism and 
Professor Deer also for help and encouragement during the 
progress the work. This work was carried out the Department 
Mineralogy and Petrology during the tenure Research Main- 
tenance Grant from the University Cambridge. 
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EXPLANATION PLATE VIII 


Fic. xenolith, showing the development the marginal 
rocks. Zones left right. Outer part xenolith, altered plagioclase 
zone, syenite, augite syenite. 

Fic. 30).—Augite Syenite. Early hornblende mantled green augite 
(left top corner and right side microphotograph). The hornblende 
also replaced internally biotite. Dark fringe hornblende 
composed granules pyroxene and flakes biotite. All the 

ferromagnesian minerals are enclosed coarse perthite. 
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Daviesiella destinezi (Vaughan), Lower Carboniferous 
Index Fossil North-West Ireland 


(PLATE IX) 


ABSTRACT 

Daviesiella destinezi (Vaughan), large concavo-convex brachio- 
pod, very common some the Lower Carboniferous limestones 
subzone. Easily recognizable the field, thus useful index 
fossil the subzone. the previous descriptions the species 
are far from complete, detailed description some unusually 
well-preserved specimens from Co. Fermanagh given and 
attempt made relate certain features the morphology the 
specimens their environment. 


ARGE brachiopods belonging the genus Daviesiella form one 
the commonest and most distinctive elements the fauna 
the subzone the Lower Carboniferous North-West Ireland. 
Bedding planes crowded with specimens varying width from 
centimetres are exposed many places Co. Tyrone, Co. 
Fermanagh, and the southern parts Co. Donegal. Several species 
Daviesiella are one, identified Daviesiella carinata 
(Garwood), distinguished prominent longitudinal median 
fold carina the ventral valve another, with strong transverse 
geniculation the ventral valve, referred the species Daviesiella 
destinezi (Vaughan). 

the shore Lough Erne, miles south-west Kesh, Co. 
Fermanagh, bedding plane thickly clustered with Daviesiella 
exposed over area several square yards. The fossils are embedded 
matrix black calcareous shale and are strongly silicified. After 
collection, immersion the specimens dilute acid quickly dissolves 

the calcite the matrix and leaves insoluble residue soft black 
mud and clean fossils which are preserved the most minute details 
structure. 

Daviesiella (Garwood) was fully described Cope (1935). 

The holotype comes from Arnside Westmorland and the species 
widely distributed beds age North-West and South-West 
England, South Wales, and the Isle Man. the specimens from 
North-West Ireland agree very closely with the descriptions the 
type specimens they will not further described here. 

destinezi, the other hand, has never been fully 
described. The name Chonetes destinezi was given Vaughan 
Chonetes common the subzone various regions Britain 
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(1915, Vaughan gave detailed description figure the 
species but simply made reference description Destinez 
two specimens from the Lower Carboniferous the Bocq Valley 
Belgium. Destinez, basing his diagnosis solely the external 
dimensions, considered the shells examples Chonetes comoides 
Sowerby. the ventral interareas both specimens observed 
striae grooves inclined towards the ventral umbones. other details 
the structure, either internal external, were described, but the 
description was illustrated with sketches. One the sketches showed 
Posterior Anterior 


1.—Profiles the exterior the ventral valve Daviesella 
destinezi. (a) Median longitudinal profile. Transverse profile 
across the venter. 


longitudinal profile ventral valve with conspicuous geniculation 
about one-third the distance from the umbo the anterior 
margin. 
Paeckelmann (1930, 289), brief synopsis, listed the following 
characteristic features Daviesiella destinezi (Vaughan) 
(1) The flat umbonal region the ventral valve. 
(2) The rounded geniculation which forms the strongest curvature 
the ventral valve. 
(3) The ventral interarea which broad again that Daviesiella 
comoides (J. Sowerby). 
Paeckelmann also noted that specimen from Bundoran, Co. 
Donegal, figured Davidson (1862, pl. fig. Chonetes 
undoubtedly Daviesiella destinezi. 


DAVIESIELLA DESTINEZI (VAUGHAN) 
(Pl. LX, figs. 1-6) 
The specimens Daviesiella destinezi from North-West Ireland 
are concavo-convex, semi-circular outline, and commonly attain 
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The greatest width the hinge-line. Posteriorly the shell flat. 
about one-third the distance from the umbo the anterior margin 
there rounded geniculation. From the geniculation the anterior 
margin there only very slight curvature the shell (Text-fig. 1). 

The external ornament both valves consists numerous fine 
close radial lirae which cover the whole surface the shell equal 
density. The average 
number lirae 
centimetre, measured 
along either the anterior 
margin growth line 
22. 

the 
tween the lirae rows 
numerous small pseudo- 
punctae can seen. 

The lateral and an- 
terior parts the in- 
ternal surfaces both 
valves are covered with 
papillae which appear 
correspond with the 
larger pseudopunctae 
the 
(Text-fig. 2). 


mm. 
ventral valve low and 


2.—Longitudinal section the postero- 


extends the whole length lateral area ventral valve Daviesella 

destinezi (Vaughan) through one the 
IX, fig. 6). (c) Tubule. (d) Papilla inner surface 
slightly concave and the valve. 


bears faint transverse striations. The most conspicuous feature the 
ventral interarea row irregularly spaced hollow tubules passing 
from the upper margin the interarea through the shell emerge 
the inner surface the valve just below the hinge margin (Text-fig. 
and IX, fig. 2). 

The tubules are circular cross-section and have diameter 
0-5 millimetres. There slight constriction the inner end. the 
umbonal region the interarea the tubules are closely spaced and 
strongly inclined towards the umbo away from the umbonal region 
the inclination gradually decreases and the tubules are more widely 
spaced the cardinal extremities the interarea the tubules are 
parallel the median line the shell. 

small pseudodeltidium with concave anterior edge occupies 
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the apex the delthyrium figs. The remainder the 
delthyrial cavity occupied the large cardinal process the dorsal 
valve. Two strong hinge-teeth project outwards and slightly upwards 


3.—Daviesella destinezi, interior the ventral valve. (a) Interarea. 
(b) Pseudodeltidium. (c) Median septum. (d) Hinge teeth. 
(e) Tubules. (f) Adductor scar. (g) Secondary Diductor Scar. 


(h) Diductor scar. 
from the basal angles the delthyrium. From callosity the base 
the delthyrial cavity projects strong median septum about 
millimetres long and millimetres high. The anterior margin the 
septum denticulate IX, fig. 2). 

Closely flanking the posterior end the median septum are two 
small, elongated, oval adductor muscle scars sharply pointed their 
posterior ends. The adductor muscle scars are flanked the very much 
larger radially striated diductor muscle scars which have the shape 
elevated triangles, the apex pointing towards the umbo. pair 
small oval secondary diductor scars lie just front the anterior 
end the median septum IX, fig. and Text-fig. 3). 

The dorsal valve concave, closely matching the convexity 
the ventral valve. The dorsal palintrope consists interarea, 
only half wide that the ventral valve, and smooth straight 
hinge-margin. The notothyrium completely filled large cardinal 
process covered smooth, gently arched chilidium IX, fig. 4). 
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Posteriorly the cardinal process bilobate with deep median 
groove anteriorly quadrilobate, consisting two central lobes, 
separated narrow deep median groove, and two strongly divergent 
lateral lobes separated from the central lobes broad shallow depres- 
sions. Flanking the lateral lobes are two deep dental sockets accom- 
modate the hinge-teeth the ventral valve fig. 5). 

Immediately anterior the cardinal process there flat area 
without markings. From this area three low ridges diverge. The central 
ridge forms low broad median septum which becomes narrower and 
more prominent anteriorly. The two lateral ridges diverge from the 
median septum angle about degrees for distance 
about millimetres and then curve gently towards the anterior margin 
for further millimetres before fading out. 

Two circular adductor muscle scars occupy the area between the 
lateral ridges and the median septum. The surfaces the scars bear 
numerous fine dendritic ridges fig. 1). 


The genus Daviesiella was erected Waagen (1884) and emended 
Cope (1940). The chief diagnostic feature the genus the presence 
two pairs diductor scars the ventral valve. Other characteristic 
features the genus are the large size, concavo-convex shape and 
straight hinge margin. The dorsal and ventral interareas, large cardinal 
process, and strong cardinal teeth are features common all the 
species. Hollow tubules which perforate the ventral interarea are 
known Daviesiella carinata, comoides, and destinezi. Several 
the species have pseudodeltidia but only Daviesiella destinezi 
has chilidium been observed. 

Waagen classified the genus the Family Productidae Gray. 
The hollow tubules perforating the ventral interarea are strongly 
reminiscent similar structures observed some species Chonetes. 
Dunbar and Condra (1932), for example, describe hollow umbonally 
inclined tubules the ventral interarea Chonetes granulifer Owen. 

must noted, however, that some features, particularly the 
pseudodeltidium, chilidium, dorsal, and ventral interareas, and 
hinge-teeth, suggest that Daviesiella may more akin members 
the Superfamily Strophomenacea than those the Productacea. 

Each tubule the ventral interarea Chonetes granulifer clearly 
connects with hollow cardinal spine pointing away from the umbo 
but not one the many specimens Daviesiella from North-West 
Ireland far examined shows any signs having borne cardinal 
spines. just possible that every case all the spines were broken 
off before the enclosing sediments had consolidated. the other hand, 
two the specimens Daviesiella destinezi were etched out solid 
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block limestone along with Linoproductus which bore its 
ventral flanks numerous long, exceedingly delicate spines. This 
circumstance strongly suggests that the later stages ontogeny 
least Daviesiella destinezi had cardinal spines. 

Whether the genus whole characterized absence 
cardinal spines somewhat doubtful. Apparently none have been 
observed Daviesiella comoides. Davidson, for example, states, 
could detected any the few examples that 
have come under observation, although some small circular holes 
could perceived here and there close the cardinal edge (1862, 
181). 

One specimen Daviesiella carinata the Sedgwick Museum 
(No. 5116) was considered Cope have tubules which continue 
little beyond the anterior edge the ventral interarea spines 
pointing towards the umbo (1935, footnote 84). 

this specimen most the shell the posterior parts the ventral 
valve missing, thus exposing internal mould the visceral and 
hinge areas. Along the edge the mould the ventral interarea 
there row short projections which have the appearance 
spine-bases from which spines have been broken off. the writer’s 
opinion the projections are the broken ends moulds composed 
calcareous sediment which filled the once hollow tubules. Conse- 
quently cannot said with certainty that this specimen, 5116, 
bore cardinal spines. 

George (1930) observed that Daviesiella comoides the inner 
ends the tubules act sockets into which fit corresponding denticles 
along the inside edge the posterior margin the dorsal valve, thus 
forming accessory articulation. Daviesiella destinezi the posterior 
margin the dorsal valve completely smooth and articulation 
with the tubules the ventral valve appears possible. 

The field evidence does not make clear whether Daviesiella destinezi 
when alive was directly attached the sea-floor definite anchoring 
structure merely rested unattached the soft muddy bottom. 

the field the fossil specimens are almost invariably found with the 
convex ventral valve uppermost, the dorsal valve lying concealed 
beneath. seems unlikely, however, that during the lifetime these 
specimens the dorsal valve was permanently buried the soft mud 
the sea-floor, because many the specimens the exteriors the 
concave dorsal valves bear colonies encrusting corals and bryozoa, 
animals which could not have survived without being exposed 
freely circulating currents oxygenated water. 

The present the specimens the field undoubtedly 
stable one and appears largely determined the markedly 
concavo-convex shape the shells. Experiments with specimens the 
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laboratory show that this orientation the only stable one that 
free, unattached shell this shape could have adopted. 

stable orientation can also obtained when the shell resting 
the flat area the ventral valve between the umbo and the genicula- 
tion, but this case slight downward pressure must applied 
the region the hinge-margin keep the specimen from over- 
balancing. Thus, if, when alive, the shell lay the sea-floor with the 
dorsal valve uppermost, the evidence the encrusting fauna seems 
suggest, some anchoring mechanism would necessary keep the 
shell firmly place. 

The nature the anchoring mechanism unknown. There 
evidence show that its adult stages Daviesiella destinezi had 
functional pedicle, and the apparent absence cardinal spines has 
already been discussed. may that extensions the mantle passing 
through the hollow tubules the ventral interarea formed anchoring 
strands non-calcareous tissue. alternative hypothesis that 
the deep median groove the cardinal process accommodated liga- 
ment which secured the shell the sea-bottom. Similar median 
grooves occur the cardinal processes many other pseudo- 
punctate brachiopods and have been variously interpreted different 
authors ligament grooves, parts the pedicle muscle scars, anal 
openings, and visceral foramina (Muir-Wood, 1928, 18). 


1V. DISTRIBUTION 


Daviesiella destinezi widely distributed the British Isles and 
Belgium. Vaughan (1915) noted its frequent occurrence strata 
age both the Stack region Pembrokeshire and the Clitheroe 
region. found the subzone Gower, South Wales (George 
and Ponsford, 1935). Mitchell and Stubblefield (1941) record from 
the subzone Breedon Cloud, Leicestershire, and from the 
same subzone Moorbank Mines Cumberland. Belgium 
characteristic fossil the Black Marble the Denée and Sovet 
(Dinant) areas. 

North-West Ireland Daviesiella destinezi occurs abundantly 
the limestones the shore Lough Erne, near Kesh, Co. Fermanagh, 
and the limestone cliffs the south side Bundoran Harbour 
Co. Donegal. frequent occurrence the limestone quarries 
Drumquin, Co. Tyrone, and several exposures the same lime- 
stone near Pettigo, Co. Donegal. The associated fauna all the locali- 
ties North-West Ireland commonly includes 
Airtonia cf. hudsoni, Lithostrotion cf. martini, 
lamellata, Zaphrentis enniskilleni, and 
Michelinia megastoma. This fauna clearly denotes age. 

Thus, although undoubtedly facies restricted those 


a 


200 Daviesiella destinezi 


areas the sea-floor which were undisturbed strong waves and 
currents, Daviesiella destinezi achieved wide areal distribution within 
short period time. therefore useful and important 
stratigraphical index the subzone. 

The author indebted Professor George, Dr. Straw, 
and Mr. Broadhurst for their help and criticism preparing 
this paper and Mr. Brighton for the loan material. 
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EXPLANATION PLATE 


Specimens Daviesiella destinezi from Kesh Co. Fermanagh, 


Fic. 1.—A specimen with most the ventral valve removed show the 
interior the dorsal valve 
Fics. and 3.—A specimen with part the dorsal valve removed show 
the interior the ventral valve. Fig. shows the inner ends the 
tubules, the pseudodeltidium and the denticulate anterior edge 
the median septum. Fig. shows one the large diductor muscle 
scars with the smaller secondary diductor scar beside it. 
Fic. 4.—An external view the umbonal region worn specimen showing 
the delthyrium the ventral valve occupied the cardinal process 
partly covered the chilidium. 
Fic. 5.—The cardinal process and part the dorsal interarea viewed from 
the posterior. 
Fic. 6.—The ventral interarea worn specimen showing the perforating 
tubules, and the pseudodeltidium. 
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Gastropoda from the Karroo Beds 
Southern Rhodesia 


Cox 


ABSTRACT 

The occurrence, very rare Karroo rocks, gastropod 

species the Lower Beaufort stage (Upper Permian) Southern 

Rhodesia recorded. small form apparently related 

species found the Tartarian stage the Russian Permian. 

These species have been described under extinct marine genera, 

but account their morphology and non-marine habitat this 

thought inappropriate. The new species much resembles 

some representatives the modern genus Hydrobia, not previously 

recognized pre-Mesozoic rocks, and has been decided describe 

new species, Hydrobia gondwanica. 
HIS paper describes some small gastropods collected Mr. 
Bond from the Karroo beds Southern Rhodesia. They come 
from Banga (17° 35’ S., 28° 16’ E.), the Sengwa River about miles 
east the upstream end its gorge, and occur rather hard siltstone 
found about the middle the formation known the Madumabisa 
Shales. These shales are assigned the subdivision the 
Karroo System, and thus belong the Lower Beaufort stage the 
South African Karroo classification, their exact zone being most 
probably the Zone. Their geological age, European 
terminology, Upper Permian. The same beds have yielded lamelli- 
branchs belonging the genera Palaeomutela and Palaeanodonta, 
together with phyllopods, ostracods, fish, reptiles, and amphibia, 
and some plant remains representing impoverished 
flora. reference the occurrence the gastropods, with list 
other fossils found the same beds, has been published Mr. Bond 
(1952, Almost all these fossils suggest that the beds are 
freshwater origin. The only doubt (but not very serious one) 
the correctness this conclusion raised the occurrence 
fish, Coelacanthus cf. granulatus Agassiz, which belongs group 
which the only known surviving representative marine. Similar 
but less well preserved gastropods had previously been found 
Mr. Bond beds the same age another locality, along the road 
from Bulawayo Victoria Falls about 152 miles from Bulawayo, 
200 yards beyond the turning Chimwara Ranch Homestead 
(18° 39’ 27° 14’ approx.). 

The specimens which are the subject the present paper are 
particular interest very few gastropods had been found previously 
the Karroo System. There record any representative the 
group from the South African Karroo. Mr. Stockley’s collec- 
tion from the Upper Permian Ruhembe beds Tanganyika Territory, 
which yielded lamellibranchs described 1936, includes the 
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internal mould single gastropod whorl, indeterminate generically. 
Rennie (1937, 20, pl. fig. has described small shell 
from the Lembombo formation, which may uppermost 
Karroo (Liassic) age, Portuguese East Africa, under the name 
Viviparus the Belgian Congo and Angola which have 
been attributed the Karroo System have far yielded gastropods. 

The specimens now described are small, smooth, and relatively 
featureless shells, and their generic assignation presents some difficulty. 
They are strongly suggestive, the one hand, group fresh- 
and brackish-water gastropods which has been recognized all 
geological systems later than the Trias and widespread the present 
day but possible, the other hand, find Permian and 
Triassic rocks marine facies somewhat similar species which have 
been referred genera long extinct. The only Permian gastropods 
which have been referred previous writers non-marine aquatic 
genera are borealis Ludwig (1861, 27, pl. figs. 16-165) 
and kungurensis Ludwig (1861, 26, pl. figs. 
from red beds the Kungurian (or upper Lower Permian) stage the 
Perm province Russia and zwickaviensis (Gutbier) 
(Geinitz, 1861, 45, pl. 12, fig. 6), from the Rotliegende Zwickau, 
Germany. The two species referred are small 
imperfectly known forms doubtful affinities, and not establish 
the presence that genus Viviparus) Permian rocks. The generic 
affinities the supposed Planorbis are equally doubtful. 

There are, however, records gastropoda from the Tartarian 
series the Upper Permian Russia, group red beds yielding 
the lamellibranch genera Palaeomutela and Palaeanodonta, together 
with vertebrates, ostracods, phyllopods, and plants. Most authors 
(cf. Lutkevich, 1937) have considered the Tartarian series 
freshwater origin, although Pustovalov’s (1937, 993) opinion 
that consists deltaic deposits formed the margin the Zechstein 
sea. Nechaev (1894), his account the Permian invertebrates 
European Russia, recorded (p. 350) only one small gastropod from the 
Tartarian beds, and identified this with the Zechstein species 
obtusa Brown. Revunova (1938), however, added six species, which 
referred the genera Omphaloptycha and Loxonema, this number. 
All were based small, smooth specimens, mm. less height, 
and comment was made the reference shells from supposedly 
freshwater beds these marine genera. This may have been suggested 
slight resemblance between the shells question and certain small 
gastropods from the Permian and Trias which have been included 
these genera. Among such species from the Zechstein are Turbonilla 
altenburgensis Geinitz (referred Loxonema Nechaev, 1894, 
360, and Omphaloptycha Dietz, 1911, 489, and later authors) 
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Howse (referred Loxonema Dietz, 1911, 
479, and Omphaloptycha, queried, Branson, 1948, 720) 
and Loxonema geinitziana King (catalogued under Strobeus Branson, 
1948, 743). The difficulty deciding what are the generic even 
family affinities small, almost featureless shelis this description 
shown the differences the generic allocations made the 
authors cited, especially when remembered that Loxonema and 
Omphaloptycha belong distinct families, the relationship between 
which may somewhat remote. These small Zechstein shells not 
appear congeneric either with the type species Ompha- 
loptycha Ammon, small Rhaetic shell, with that Loxonema 
Phillips, relatively large shell from the Upper Devonian. 
affinities need not, however, discussed here, shells 
are unrelated them. The resemblance between these shells 
and the two type species just mentioned slight indeed. 

must, therefore, consider whether these small shells from the 
Tartarian beds (with the more acuminate which, least, the speci- 
mens now described are probably congeneric) would not better 
associated with family entirely distinct from those which the genera 
just considered belong. view their general form, small size, and 
freshwater deltaic habitat, the possibility that they are early members 
the Hydrobiidae, family already known range from early 
Mesozoic times onward, cannot, fact, disregarded. The question 
whether the minute shell from the Tartarian beds identified Nechaev 
and Revunova Rissoa obtusa Turbo obtusus Brown really belongs 
that species cannot discussed satisfactorily without examining 
the actual specimen. The species question was first found the 
Upper Permian Manchester Marls, and was later recorded Geinitz 
(1861, pl. 11, figs. 16-19) from the German Lower Zechstein. Dietz 
(1911, 487) thought that might belong Coelostylina, while 
Knight (1940, 315) suggested its reference his new genus Cyclo- 
bathmus. Among the modern Rissoacea (for example, the family 
Assimineidae) are genera not very dissimilar this small Permian 
shell, and some their representatives can adapt themselves both 
marine and brackish-water habitats. 

The shells from the Karroo beds now described appear 
have affinity with any recognized genus founded Upper 
Palaeozoic species, whether marine non-marine. close, however, 
their resemblance some representatives the family Hydrobiidae 
that not possible point any characters which would justify their 
separation from this family, although slight differences may obscured 
their imperfect preservation, and the family has not previously been 
recognized Palaeozoic rocks. the circumstances, has been 
decided describe them under the genus Hydrobia. 
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already seen, these specimens are preserved hard siltstone. 
They retain the original test and their interior now filled with crystal- 
line calcite. When the rock broken expose one the speci- 
mens, part the actual test frequently adheres the counterpart, 
but some cases the exterior the shell seen and the growth- 
lines may studied. Axial sections show that the whorl walls are 
usually preserved intact. 

Mr. Bond has kindly presented the specimens the Department 
Geology the British Museum (Natural History), and their registra- 
tion numbers are cited where necessary. indebted Mr. 
Wrigley for the drawings now reproduced. 


Family 
Genus Hydrobia Hartmann, 1821 
Hydrobia gondwanica sp. nov. 
Text-fig. 


Description—Small (maximum height mm.), acute, narrowly 
umbilicate, thin-shelled, consisting strongly and evenly convex, 
smooth, rather high whorls which overlap only slightly and are 


Paratype (PG Paratype (PG 4382), showing shape 
aperture. Apex paratype (PG Holotype 
(PG Paratype (PG 4379). Paratype (PG 4381), 
specimen which the last whorl tends become detached. 

The specimens are all from the Upper Permian Banga, the 
Sengwa River, Southern Rhodesia. All the figures are enlarged 
except fig. the enlargement which considerable. 


separated well-impressed sutures. Spire occupying nearly three- 
quarters the total height. Apex blunt apical whorl relatively broad 
and slightly deviated. Aperture suborbicular the peristome, however, 
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not preserved intact any available specimen. Whorls sub-ovate 
axial cross-section, the wall each slightly concave, but usually 
distinct, along the contact with the preceding whorl, and flattened 
the adaxial side, the flattened part inclined outwards from the 
axis slight extent. Growth-lines meeting the posterior suture 
almost right angles, and having slight forward-facing concavity 
the posterior two-thirds each whorl, the curvature becoming 
reversed the anterior third. 

holotype (PG 4378, fig. and about twenty 
other specimens, many incomplete. 

height mm., diameter mm. 
Paratype (PG 4379): height mm., diameter mm. 

Remarks.—The measurements just given and 
indicate that there some variation the proportions the shell, 
but not thought that more than one species present. Although 


2.—Hydrobia procerula (Paladilhe). Recent specimen from 


the peristome not preserved intact any available specimen owing 
the hardness the matrix from which the shells had broken 
out, there some evidence that was continuous across the parietal 
region, modern Hydrobiidae. The distinctness the walls 
adjacent spire whorls, seen axial sections the shell, and 
tendency which sometimes apparent (Fig. for the last whorl 
drop and become almost detached from the penultimate whorl 
just before the aperture, both point this conclusion. the thinness 
the shell and the presence narrow umbilicus the species also 
agrees with the Hydrobiidae, and even among Recent representatives 
this family find species which are closely comparable shape 
—for example, Hydrobia procerula (Paladilhe) (Dollfus, 1912, pl. 
figs. 10; also Text-fig. the present paper). The sinuosity 
the growth-lines the species now described slight, and some 
species Hydrobia not differ greatly this respect. have seen 
living species this genus with the axis the initial whorl slightly 
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deviated, but this condition not very pronounced the new species. 
Having regard the freshwater deltaic facies the beds which 
occurs, Hydrobia thus appears appropriate genus for the 
reception this species, notwithstanding its Palaeozoic age. Cossmann 
(1921, 102) thought that the older fossil Hydrobiidae are better 
referred the subgenus Brusina than Hydrobia 
but, apart from the relatively higher spire, the distinctive characters 
are observable only perfect specimens. 

The species now described, although possibly congeneric with some 
those from the Tartarian series Russia figured Revunova 
(1938), undoubtedly specifically distinct. The most similar the 
Russian species schmidti Revunova (p. 74, pl. 24, 
figs. 16, 17), smaller shell with fewer whorls. The most closely 
comparable species from the European Zechstein the above- 
mentioned phillipsi Howse, described and figured under 
Turbonilla Geinitz (1861, 47, pl. 11, figs. 11-13) and under 
Loxonema Dietz (1911, 479, pl. 15, fig. There is, however, 
distinct difference, probably generic importance, the general 
aspect the shell, due the facts that the Zechstein species the 
apex more acuminate and the whorls are much more numerous 
(twelve thirteen when the shell height mm., according Dietz). 
The aperture phillipsi not known intact. 

non fig. 8), from the German Muschelkalk, closely comparable 
species Triassic age. rather smaller, but very similar the 
general proportions the shell and the number and strongly 
convex the whorls. Its apertural features have, however 
been clearly illustrated, and the peristome seen interrupted 
across the parietal region, contrast its presumed continuity 
the species now described. 
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ANNOUNCEMENT 
CLAY MINERALS CONFERENCE MISSOURI, 1953 


METHODS GENESIS CLAYS AND RELATED MINERALS will the 
theme the Clay Minerals Conference held the University 
Missouri, Columbia, Missouri, October, 1953. 
Particular attention will also given methods distinguishing 
between kaolinite and chlorite. The Conference sponsored the 
National Clay Minerals Committee, the University Missouri, and 
the Kansas Geological Survey. 

Anyone interested presenting paper the above theme 
clay mineralogy, technology, physical behaviour clays, techniques 
mineral determination, origin soils, clays soils, origin and 
distribution clays soils, clays related ore deposits, and allied 
topics, please write Mr. Frederickson, Washington University, 
St. Louis, Missouri. detailed programme, including 
information, will available request August, 1953. Everyone 
interested any aspect clay mineralogy technology cordially 
invited attend the Conference. 
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Study the Type-Species the Blastoid 
Codaster McCoy 


KENNETH 


ABSTRACT 


During study Carboniferous blastoid fauna from Grassing- 
ton, Yorkshire, over thousand blastoids were collected, which 
individuals were referred the genus Codaster. This study has 
left doubt that the two species Codaster acutus McCoy and 
Codaster trilobatus McCoy are synonymous. Codaster trilobatus 
(in the sense McCoy’s original description), old age form, 
its characteristic feature only being attained minority long- 
lived individuals. Codaster acutus McCoy the valid name, being 
the first described, and also the type-species for the genus. 
order supplement observation these specimens, biometrical 
methods have been employed study the relative growth the 
height, diameter, and number hydrospires. 


THE MATERIAL 


genus Codaster was first proposed McCoy (1849) when 

described the two species Codaster acutus McCoy and Codaster 

trilobatus McCoy. The two species were described the same publica- 

tion, but Codaster acutus has precedence the page and is, therefore, 
the type-species the genus. 

(a) Codaster acutus McCoy.—The type description (McCoy, 1849) 
states: Pelvic [Basal] and supra-basal [radial] plates equal 
length pelvis acutely conical, obtusely subtrigonal section 
columnar adherence small, round, prominent surface 

The holotype (Sedgwick Museum No. 5416) from the Car- 
boniferous Limestone, and its locality recorded Bolland, York- 
but there must some doubt regarding this type-locality. 
slightly later publication McCoy (1854) figured the holotype and, 
the explanation the plate gave Derbyshire the locality, 
contradiction Bolland, stated the description. the course 
the present work the writer has not found any specimens Codaster 
among blastoids collected from the Upper Clitheroe Limestone 
subzone) the Clitheroe and Bolland knolls. However, the genus 
known the higher Zone several localities Yorkshire. 

(b) Codaster trilobatus type-description 
states Supra-basal [radial] one-third longer than the basal pelvic 
plates pelvis divided into three tumid lobes which hang below the 
columnar adherence surface smooth.” 

The holotype (Sedgwick Museum No. 5395) and the paratypes 
(Sedgwick Museum No. 5396-7) were collected Hopkins 
from the Carboniferous Limestone Derbyshire. There reason 
doubt this locality, since Codaster has subsequently been recorded 
from Ashford, near Bakewell, Derbyshire (Geological Survey Museum). 
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(c) Other Specimens the Sedgwick Museum.—Nos. 5413-15 
and 5422-5440. All from the Carboniferous Limestone Settle, 


Yorkshire. These specimens have wide range size and several have 
been selected the writer form growth series (Text-fig. 1). This 


F 
1.—A growth series Codaster acutus illustrating changes 
the profile. All from Settle, Yorkshire. Sedgwick Museum, 


Nos. (A) (B) E.5425; (C) E.5428; (D) 
(E) E.5432 (F) E.5438; (G) 


illustrates the changes profile and the gradual development 
trilobed base with increase size. Only one the specimens (E. 5415) 
this sample actually attained the condition possessing pendant 
lobe accordance with McCoy’s definition Codaster trilobatus. 

Both Roemer (1851) and Dujardin and Hupé (1862) suggested that 
Codaster trilobatus was variety Codaster acutus, while Etheridge 
and Carpenter (1882) stated These two so-called species appear 
graduate into one another and some doubt they can regarded 
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THE GRASSINGTON MATERIAL COMPARED WITH SPECIMENS THE 
MUSEUM 


The Grassington sample Codaster was collected from the Middle 
Limestone (D, subzone). preliminary examination the material, 
the variation, both shape and size, appeared continuous and 
there was reason suspect the presence more than one species. 
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GRASSINGTON 


DIAMETER 


TEXT-FIG. diagram showing relationship between height and 
diameter, samples from Grassington and the British Museum. 


However, when aitempt was made identify this species, 
was found that similar specimens had been subdivided into two 
groups Etheridge and Carpenter. The larger specimens matched 
those classified the British Museum collections Codaster trilobatus 
McCoy, while the smaller individuals matched those classified 
Codaster trilobatus var. acutus McCoy. These latter forms agree 
all respects with McCoy’s original description Codaster 
The larger forms, however, not agree with McCoy’s original descrip- 
tion Codaster trilobatus. 
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seems that Etheridge and Carpenter’s concept Codaster trilo- 
batus was wider than and they applied this name all 
individuals with trilobed base, whether not the lobes were pendant. 
They recognized that the two species represented different stages 
growth series but their wide definition Codaster trilobatus included 
many individuals which would Codaster acutus McCoy’s defini- 
tion. They considered that Codaster acutus, although the first described, 


18; 


HEIGHT 


GRASSINGTON 


DIAMETER 

3.—Scatter diagram showing relationship between height and 
diameter, samples from Grassington and Malham. 


should not the type the genus Codaster, accept young 
and immature stage when are possession the perfect 
and mature form would highly fact, had they 
adhered McCoy’s original descriptions they would have found that 
only about one out every hundred individuals attained sufficient 
age and size distinguished pendant lobes the base. Instead, 
they made their subdivision mainly the number hydrospires, 
which, course, changes during the life the individual. Quoting 
Etheridge and Carpenter (1886), Codaster trilobatus var. acutus differs 
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from Codaster possessing smaller calyx, more acute 
and less trilobed base with smaller number side plates and hydro- 
According their description, Codaster trilobatus var. acutus 
has from two five hydrospires and exceptional cases six, whereas 
Codaster trilobatus has from six ten hydrospires. 

There seems doubt that Codaster trilobatus McCoy (as described 
McCoy) large individual Codaster acutus, which has developed 
the pendant lobes old age feature. Codaster trilobatus McCoy 
is, therefore, considered synonym Codaster acutus McCoy, 
and Codaster acutus was the first described, the valid name the 
species. Codaster acutus McCoy is, therefore, the type-species the 
genus and not Codaster trilobatus McCoy. 


BIOMETRICAL STUDY 
(a) The Samples. 


(i) Twenty-two specimens the British Museum labelled Codaster 
trilobatus, from several localities Yorkshire and Lancashire. 

(ii) Twenty-nine specimens the British Museum labelled Codaster 
trilobatus var. acutus, localities Yorkshire and 
Lancashire. 

(iii) The above two samples combined, giving total fifty-one 
specimens. 

(iv) Twenty-four specimens from the Middle Limestone, near 
Yarnbury, north Grassington, Yorkshire. All collected from single 
outcrop highly crinoidal limestone, quarter mile bearing 
30° Bare House. The blastoid Orbitremites derbiensis (Sowerby) 
also abundant this locality. 

(v) Seventeen specimens from the Bryozoan Series (D, subzone) 
the Grizedales area, north Malham, Yorkshire. Collected 
Garwood and Goodyear (1924) from exposure near the shaft 
Pikedaw lead mine, 200 yards south-west Twin Bottom Scar. The 
writer has since recorded the rare blastoid Zygocrinus tetragonus 
(T. Austin) the Codaster bed, and Orbitremites derbiensis (Sowerby) 
has been found highly crinoidal limestone slightly higher 
horizon, 


(b) Measurement Samples. 
The following variates were studied 

(i) Height. 

(ii) Diameter. 

(iii) Number hydospires. 
The two linear measurements were made with vernier callipers, reading 
millimetres. The number hydrospires was counted under 
binocular microscope, with hand lens, using needle point 
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guide. was difficult make reliable counts this character 
one the hydrospires frequently concealed below the ambulacral 
plates. Therefore, the number visible would depend partly upon the 
degree weathering, and comparisons were best made between speci- 
mens from which the ambulacral plates were missing. for this 
reason that counts the ambulacral plates were made the 
Codaster samples. The original data available (Joysey, 1952), 
unpublished thesis the library the University London. 


DIAMETER 


GRASSINGTON 
BM. TRILOBATUS 


HYDROSPIRES 
4.—Scatter diagram showing relationship between diameter and 


the number hydrospires, samples from Grassington and the 
British Museum. 


(c) Variation. 


The Codaster samples, like most samples available the palaeonto- 
logist, contain assortment individuals different ages, which 
largely accounts for the considerable variation shown each the 
characters. each the samples constitutes growth series, strong 
positive correlation between the pairs variates expected. 

The frequency distribution size the fossil population bears 
obscure relationship that the original community that lived 
the Carboniferous sea-floor. The relationship between the dead 
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population blastoids which accumulated the sea-floor and the 
living population from which was derived analogous that which 
exists between the buried occupants churchyard and the living 
members village. Furthermore, the action currents before 
consolidation would sort and grade the specimens, and addition 
selective action would almost certainly occur during collection, 
larger specimens are more conspicuous. 

evident that the frequency distribution size the collected 
sample always biased with respect that the original living com- 
munity. The factors which produce the bias will not the same under 


MALHAM 


HYDROSPIRES 


5.—Scatter diagram showing relationship between diameter and 
the number hydrospires, samples from Grassington and 
Malham. 


different conditions different localities. these 
the mean and the variance have little value for the purpose com- 
parison the samples, and have not been employed the present 
study. 


(d) Relative Growth. 


fossil sample have group individuals whose develop- 
ment was arrested death various stages growth. trend 
line, which may fitted the scatter diagram sample, merely 
convenient way which express the course the scatter. The 
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fitted line representative the sample whole, and tells 
little about the development individual. 

the case the Codaster samples, the trend the scatter 
case shows any observable curvature, and straight line has been 
fitted. The growth formula for the sample may expressed the 
intercept the axis and the slope the line. These relative 
growth parameters and are independent the size the individuals 
and are, therefore, independent the many biases which can modify 
the frequency distribution size within the sample. Therefore, 


TABLE GROWTH CURVE CODASTER SAMPLES 


Intercept (a) Slope (b) 
trilobatus (B.M.) 
var acutus. (B.M.) 
B.M. samples combined. 
Grassington. 
Malham. 


the objections which apply the use the sample and the 
sample variance basis for comparison, not affect the growth 
parameters and 

most work where desired fit straight line scatter 
distribution one the regression lines employed. Kermack and 
Haldane (1950) have indicated that this practice generally unsatis- 
factory the study organic correlation, the terms dependent 
and independent variates have real meaning this case. 
alternative they have advocated and fully discussed the use line 
known the reduced major axis the joint distribution. The slope 
and intercept the reduced major axis, and the standard error 
both have been calculated for each pair variates all the Codaster 
samples (Table 1). The required values were calculated Muldivo”’ 
electrical machine. All the machine computation has been carried 
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out least twice, and wherever possible different method scanning 
working has been employed, order avoid the repetition 
errors. 

Comparisons have been made between the two samples the British 
Museum, which were classified Etheridge and Carpenter those 
labelled Codaster trilobatus and those labelled Codaster trilobatus var. 
acutus. The differences between the slope and intercept their relative 
growth curves are not significant (Tables and 3). Statistical treat- 
ment cannot prove identity comparisons are based probability. 
More detailed treatment might indicate significant differences but 
present there does not appear any reason for distinguishing 
between the two groups. 

The British Museum data was then combined order represent 
growth series the species Codaster acutus, accordance with 


TABLE 2.—DIFFERENCES SLOPE 


when 
Difference. 
trilobatus var acutus (B.M.) 
H.D. 2-062 
H.Hyd. 
D.Hyd. 
Grassington combined B.M. samples. 
H.D. 13895 2-035 
H.Hyd. 2-035 
D.Hyd. 10986 1-78703 
Grassington Malham. 
H.Hyd. 0-09023 2-058 
D.Hyd. 0-06879 
Malham combined B.M. samples. 
H.Hyd. 
D.Hyd. 56847 2-035 


McCoy’s original description. The slope and intercept the relative 
growth curve the combined sample was then compared the 
Grassington sample, and again significant differences were found 
(Tables and 3). 

the same basis the sample Codaster acutus the Garwood 
Collection from Pikedaw, Malham, was the other Codaster 
samples. the comparison between the Malham and Grassington 
samples the slope the height-diameter relationship probably 
significantly different 0-05 the comparison between 
the Malham and combined British Museum samples 
diameter relationship significantly different both slope and inter- 
cept and the height-hydrospire relationship different slope 

These differences may interpreted one two ways. The 
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first possibility that the differences are caused the complete 
absence young individuals from the Malham sample. Although there 
observable curvature the trend the scatter diagrams, 
possible that slight curvature actually exists. this were the case 
Straight line fitted only the top part the scatter would have 
different slope and intercept from one fitted complete growth 
series. Although this possible explanation, does not seem 
the most likely, one would have expected differences between the 
upper and lower part the growth series when they were treated 
separately Codaster trilobatus and Codaster trilobatus var. acutus 
the two British Museum samples. The second possibility that the 
differences are real, and this case either they may due the 
fact that the Malham sample belongs slightly lower geological 
horizon, they may regarded local differences, probably due 


TABLE 3.—DIFFERENCES INTERCEPT (a) 


when 
Difference. 
trilobatus var acutus (B.M.) 
H.Hyd. 1-59572 1-51749 2-062 
Grassington combined B.M. samples. 

H.Hyd. 69346 2-035 
D.Hyd. 0-28103 2-035 

Grassington Malham. 
H.D. 2-058 
H.Hyd. 1-22800 1-11603 
D.Hyd. 0-34499 2-056 
Malham combined B.M. samples. 
H.D. 2-28260 
H.Hyd. 
D.Hyd. 0-06396 


phenotypic modification. perhaps important this respect that 
Malham Codaster occurs crinoidal matrix association with 
abundant brachiopods, whereas Grassington the matrix consists 
almost entirely crinoid which brachiopods are excep- 
tionally rare. Although slight differences have been detected 
statistical methods does not seem desirable the Malham 
population from the species Codaster acutus McCoy. 
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CORRESPONDENCE 


THE OCCURRENCE DETERMINABLE PLANTS THE LOWER 
ESTUARINES PETERBOROUGH 


Estuarine clays the East Midlands have long been known 
contain few plant fragments. 1939 (Geol. Mag., 478-489) 
Murray described some microfossils (Lycopod megaspores) from out 
Upper Estuarine localities, but Lower Estuarine clays proved barren. 

The occurrence flora determinable fragments from the Lower 
Estuarine near Peterborough therefore new. Two samples provided rather 
different floras, though the plants were preserved the same way isolated 
shreds cuticle isolated spores, plainly having suffered biological 
maceration before they were finally deposited. The only preparation needed 
disintegrate the dried clay with hot water. 

The discovery root bed this district (beneath the River Nene 
Wansford N.G.R. 077994) penetrating into the strata the uppermost 
Lias (Jurense zone) indicates that this area was colonized land plants very 
possibly during the time deposition the Lower Estuarine rocks. 

The first sample (dredging N.G.R. 077994) from the River Nene 
Wansford blackish yielded great numbers minute fragments 
leaves, the commonest species Ginkgo but there also species 
Otozamites. Both genera are widespread Middle Jurassic floras and the 
species are scarcely determinable from such material. There are, however, 
several species excellently preserved Lycopod megaspores which make 
very satisfactory and easily separated species. Some these (e.g. Triletes 
occur throughout the Yorkshire Estuarine Series, but another 
agrees with undescribed species almost confined the Lower Estuarines 
Yorkshire (where has been noted localities) and still others are new. 

The second sample was removed from pit depth ft. in., near 
the New Mermaid, Wansford, and close the origin the first. may 
from nearly the same level, but its flora different. full charcoal, 
much representing burnt leaves and twigs and even pieces Equisetum 
cones. The commonest cuticle belongs tiny Equisetum with stems 
1-2 mm. thick: species which has been met commonly cuticle 
fragments from the Yorkshire Lower and Middle Estuarines but having 
never been seen except cuticle fragments not worthy name. 
There are cuticles some tough leaved conifers which have not been 
recognized, and again number megaspores, some apparently new 
science. 

may remarked that some pieces sandy Limestone presumed 
the Lower Lincolnshire Limestone from the same locality provided plenty 
waterworn charcoal (of tree origin) but leaf fragments all. 

The occurrence species common with the Yorkshire flora not 
surprising, but interesting that this flora not merely attenuated 
version the Yorkshire one, but has some different species. The difference 
significant because the Yorkshire Estuarine microfossils have been studied 
some 400 localities, fully half which yielded megaspores. 

This find published, not much advance, but call attention 
feature these rather unpromising beds which might offer considerable 
scope for future study. Such plant microfossils are easily obtainable, and 
the spores particular make attractive little specimens which seems are 
well zoned and can readily sorted into species. 

JOHN GILBERT. 
Tom Harris. 


THE UNIVERSITY, 
READING. 
19th February, 1953. 
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SUBMARINE SLUMPING THE LOWER LUDLOW ROCKS 
NORTH WALES 


recent paper Professor raises several points 
interest. Some these relate the mode origin certain highly dis- 
turbed sheets sediment, intercalated among normal sediments; others 
are concerned with the technique geological mapping. Only those matters 
which refer the mode origin the disturbed rocks are dealt with here. 

Professor Boswell alleges that there indisputable that 
these disturbances are due subaqueous sliding not 
quite clear whether disbelieves that they are subaqueous are due 
sliding, both. 

The evidence favour these disturbed masses, slumps called 
them, being subaqueous and due sliding conclusive any geological 
evidence can be. has been stated before (Quart. Journ. Geol. Soc., xcv, 
1940, 381) but apparently needs repeated. 

Anyone who closely examines these disturbed masses clear sections 
which show their relation the normal sediments above and below them 
will that 


(a) They rest with fairly sharp boundary undisturbed shales 
mudstones. 

(b) They contain pieces various shapes and sizes mudstones some- 
what similar those below and retaining obvious traces stratification, but 
these pieces lie all angles, sometimes much crumpled and detached from 
one another. 

(c) appropriate sections they are overlain normal sediments similar 
kind those that underlie them. 

(d) the base the overlying normal sediments there graded bed 
which passes upward few inches into the overlying sediments and 
obviously forms the base that group sediments. 

(e) The graded bed adheres closely the top the disturbed bed, and 
many cases pieces can knocked off the contact which include both 
the disturbed beds below and the graded bed above. The contact relatively 
even, though there may some small irregularities it, and certain 
that there has been sliding between the graded bed and the disturbed 
beds below since the strata were formed. The contact therefore original 
undisturbed contact; gave list (op. cit., pp. 375, such contacts 
Denbighshire, and have doubt that many more could found. 

From these facts certain conclusions follow inevitably 

(1) The disturbed beds were emplaced after the underlying mudstones 
were deposited; this indeed self-evident. 

(2) The overlying beds, including the graded part their base, were laid 
down after the disturbed bed which they rest had been emplaced. This 
conclusion made inevitable the fact that there has been sliding 
contact between the base the overlying mudstones and the disturbed 

has been suggested explanation some disturbed beds that they 
have acquired their structures result being, were, extruded like 
tooth-paste from between the overlying and underlying sediments some 
time after these normal sediments were down, and consequence 
great load overlying sediments. must presumed also that there was 
some freedom movement for the extrusion. The undisturbed and unmoved 
upper contacts the North Wales slumps rule out this alternative explanation 
absolutely. 

There appears, however, vague idea that the whole disturbed 
bed from top bottom can interpreted the slide along which the 
material extruded. such idea prevails disposed the fact 


The alleged subaqueous sliding large sheets sediment the 
Silurian rocks North Wales. Liverpool and Manchester Geol. Journ., 
Pt. (1952), 1953, 148-152. 
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that the origin the slump and the graded bed which overlies have 
something common. Their close association suggests that the sliding 
mass sediments caused the water become muddy and that shortly 
afterwards the cloud sediment settled the slump. earthquake 
set the muds moving and also disturbed the sediments the sea floor. 
the only case, however, where the point origin slump has been 
described, the graded bed occurs only over the slump and does not extend 
the sea floor above its point origin. 

clear, therefore, that given slump bed was formed time between 
the deposition the underlying sediments and that the overlying sedi- 
ments; this sense the slumps are contemporaneous with sedimentation. 
Further, since both the overlying and underlying sediments are admitted 
marine origin, would surprising the slumps are not also that 
origin. That they are subaqueous proved the deposition upon them 
the graded bed forming the base the overlying sediments; also 
evident that the top the slump was the actual floor the sea when the 
sedimentary grains the graded bed began shower down upon it. 

Examination slump will usually reveal that pieces included sedi- 
ments lie all angles, and not uncommonly even 
recumbent folds have been truncated the base the graded bed. The 
slump beds have therefore acquired their structures before the overlying 
beds were laid down upon them. 

would great interest anyone can suggest any way producing 
these manifold structures muds the sea floor except sliding. 


THE SEDGWICK MUSEUM, 
CAMBRIDGE. 
6th March, 1953. 


ACCURACY GEOLOGICAL LOCALITIES 


this Magazine 152) Davies sets right Cossman’s 
view saying that the interesting Miocene gastropod Pereiraia gervaisi 
found Slovenia and not Ukraina. Ivandel correctly Ivandol 
(45° 48’ 48”, 15° 20” Greenwich), however, should not retained 
the geological literature, the locality the gastropod, for the valley 
(one mile long and without settlements) little known even Slovenia. 
There are some more localities where this gastropod has been found, 
for instance: Stara vas, Zgornje Vrhpolje, Smarje, Orehovica, Cerov log, 
all them together with Ivandol are near St. Jernej. Slovene geological 
literature St. Jernej indicated the locality for this gastropod, and 
would seem more appropriate use the foreign literature, too. 


GEOL. AND PALEONT., ANTON RAMOVS. 
UNIVERSITY LJUBLJANA. 
15th March, 1953. 


GRAVITY MEASUREMENTS OVER THE NORTHERN PENNINES 


announcement Hospers and Willmore the discovery 
area negative Bouguer anomalies and around Upper Weardale 
and the preliminary account more detailed work Bott and 
Masson-Smith (Geol. Mag., xc, 117-126, and are both most 
welcome. There will, sure, general agreement with the authors that 
the field negative anomalies probably the expression the existence 
buried granite mass. But not everyone will readily agree with the next 
step taken the authors, namely that the Weardale granite 
real—was the source the mineralization the area. Taking this 
step precludes the possibility that the granite may pre-Carboniferous, 
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possibility that must not allowed default. Indeed, mind, 

the alternative Caledonian granite would seem raise fewer difficulties 

and more harmoniously keeping with the geological environment. 
Pre-Cambrian granite might also do, but would probably lie too deep 
consistent with the marginal gradients the negative field. am, 
course, acutely aware the geochemical enigma presented the ore deposits, 
but the mystery way resolved the assumption Hercynian 
Tertiary granite. Hercynian granite under Weardale would completely 
out its appropriate tectonic setting, while Tertiary granite would 
expected have attendant dyke swarm, rather than unique metallogenic 
episode sandwiched time between itself and the solitary Cleveland dyke. 

the other hand, equating the granite’’ with supposed granitic 
source for the ore deposits implies that the original roof has remained intact 
and essentially undisturbed. From this implication Bott and Masson-Smith 
infer that the could have been emplaced only magma that 
stoped its way up. could shown justified, this conclusion would 
obviously great significance. But not clear how mass 
deficiency the crustal column concerned—estimated gm. 
Bott and Masson-Smith from the negative anomalies—could result from 
stoping. Being only the mechanical displacement denser material higher 
lighter material from depth, stoping involves neither loss nor gain 
mass. 

The real point issue whether not slight change the vertical 
distribution density would suffice account for the negative anomalies. 
hoped that Messrs. Bott and Masson-Smith will deal rigorously 
with this question the more detailed publication which look forward. 
may well that their final results will turn out inconsistent with the 
stoping hypothesis. 


ARTHUR HOLMES. 
GRANT INSTITUTE GEOLOGY, 
UNIVERSITY EDINBURGH. 
April, 1953. 


will attempt answer the points Professor Holmes’s letter. 
(1) The Association Intrusion and Mineralization 


Professor Dunham (1934) suggested, analogy, that the Alston Block 
mineralization originated from sub-Pennine granitic granodioritic 
magma. indicated that such theory alone explained the zonal arrange- 
ment the mineralization, but such exposed igneous body was known. 
From quite other evidence are confident that there intrusion. 
Furthermore the genetic association the mineralization and the Weardale 
granite presumed from the close correlation between the outer boundary 
Dunham’s fluorite zone and the gravity anomaly, correlation which has 
been further enhanced more recent gravity survey over the Cross Fell 
hills. seems unlikely that such correlation fortuitous. 

further line evidence has recently been drawn our attention 
Professor Dunham. The high rank coal (Fuel Survey, 1945) West 
Durham around Consett decreases the norta, east, and south. The coal 
highest rank found over the eastern part the negative anomaly, and 
the rank falls off where the anomaly disappears, reaching its lowest north 
the line from Dinnington Hartley. are not aware any evidence 
indicate that this effect varying depth maximum burial. 
Moreover, the variation rank between areas greater than the vertical 
variation within the areas. Again view the correlation between gravity 
anomaly and chemical data, the suggestion slight thermal metamorphism 
attractive. this the age the intrusion post Coal Measures 

(too late for the removal erosion basic front). Perhaps Hercynian 
(or later) under Weardale will not seem anomalous when 
know more the deep structure the Pennines, although certainly the 
Alston Block was structurally defined the Tournaisian. 
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However, Professor Holmes suggests, the granite Caledonian and 
its cover were removed before the Carboniferous was deposited would 
difficult for our gravity data alone distinguish the mode the 
granite. 

(2) The Estimation Mass Deficiency 

The deficiency mass was estimated integrating the anomaly over 
limited area. The total mass deficiency crustal column, relative 
neighbouring column, will zero (a) the crustal structure were originally 
the hypothetical stoped mass, during emplacement (c) there were 
possibility outflow depth (d) there had been subsequent doming. 
the gravity anomalies from surrounding geological features were negligible, 
then integrating the anomaly infinity over plane surface will give zero 
estimate. finitely limiting the bounds integration, limit the depth 
which the estimate applies. near surface mass deficiency will give 
sharp and well defined negative anomaly, while equal surplus mass 
depth will give broader and shallower positive anomaly. When vertically 
combined, the estimate obtained summing the central negative anomaly 
alone will give underestimate the deficiency mass. Therefore our 
conclusion does not depend detecting the presence stoped material 
depth. The deficiency mass the upper crust under Weardale certain, 
and our estimate may low. That due direct density contrast with 
steep boundary places follows from the Bouguer gradients. Such mass 
deficiency could not compensated equivalent mass surplus 
basic front immediately above and around. 

theoretical discussion granites and their gravity anomalies the 
subject paper already submitted this journal, and field investigations 
this problem are continuing. 


MASSON-SMITH. 
THE SEDGWICK MUSEUM, 


CAMBRIDGE. 
24th April, 1953. 
REFERENCES 
C., 1934. The genesis the North Pennine ore deposits. 
Quart. Journ. Geol. Soc., xc, 689-720. 
MINISTRY FUEL AND Power, 1945. Durham Coalfield Regional Survey 
Report. (Northern region.) H.M. Stationery Office. 
Northumberland and Cumberland Regional Survey Report. (Northern 
region.) Stationery Office. 


LUDLOVIAN RESEARCH GROUP 

your readers may interested hear the recent forma- 
tion Ludlovian Research Group. The aim the group encourage 
closer co-operation between geologists who are working the problems 
the Ludlovian rocks. inaugural was held 
University from the 24th the 26th September, 1952, and fifteen geologists 
were present. Exhibits from various areas were studied and discussions 
took place many topics, including the following correlation 
and classification, the Siluro-Devonian boundary, the Wenlock-Ludlow 
boundary, the sedimentary petrology and palaeontology the Ludlovian, 
and the compilation annotated bibliography. typescript bulletin 
will published periodicaily for limited circulation amongst interested 
workers intended contain information from members mapping 
and progress, intcresting localities, museum collections, new 
techniques, recent literature, etc. The 1953 meeting the group will take 
the form field excursion around the Welsh Borderland areas Ludlovian 
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rocks. The provisional dates are from the 9th the 16th September, 1953. 
Geologists interested the Silurian rocks, and the Ludlovian rocks 
particular, are invited write the undersigned for fuller report the 
1952 conference, and for any other information. 
LAwson. 
DEPARTMENT GEOLOGY, 
THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM, 
27th April, 1953. 


THE SICULA MONOGRAPTUS SCANICUS TULLBERG 


should like add note the paper the March-April number 
this Magazine Dr. Bulman Monograptus scanicus Tullberg. now 
have two individuals this species showing the sicula and first theca, which 
were obtained, like Dr. Bulman’s material, from Lower Ludlow boulder 
from the Pleistocene the North German Plain. These are now the 
Sedgwick Museum Collection, numbers SM. A24341 
and 24342. 

The better preserved specimen figured here. 
Growth lines can hardly seen the apical part 
the sicula but the apertural region and the first 
theca they are general well marked. The prosicula 
probably that part above the first thickened band the 
sicula, and there are three these 

The specimen rather dark near the foramen, but 
the growth lines would seem shown the 
accompanying diagram. The initial bud arises from 
foramen which formed small notch the 
margin the metasicula and later closed addition 
further growth rings. The bud grows laterally and 
then upwards, the thecal tube widening gradually. 
The interthecal septum the first theca short and 
the apertural lappets are described Bulman, with 
the right one slightly larger and overlapping the left. 
This asymmetry (right lappet larger than left) the 
same also all other fragments examined. 

The dimensions the specimen are follows: 


length sicula i-15 mm., with thickened bands 
beginning 0-4, and 0:75 mm. from the apex, 
and initial bud 0-2 mm. from the aperture; 

apertural diameter sicula 0-1 mm.; 

length first theca ventral lip 1-75 mm. and 
Monograptus scanicus just below interthecal septum 0-15 mm. 
Tullberg. The sicula prothecal ratio (excluding apertural processes) 
and first theca. SM. 94 per cent. 

dimensions and proportions. 

Thus all Monograpti which the development known, the foramen 
the initial bud formed notch (see the work Kraft, Wiman, Cox). 
addition scanicus may closely compared with the species figured 
Kraft, the possession thickening bands the sicula. Neither these 
features are yet known genera other than Monograptus. 


SEDGWICK MUSEUM, MARGARET WALKER. 
CAMBRIDGE. 
22nd April, 1953. 
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SOUTHERN RHODESIA GOVERNMENT. 
VACANCY: GEOLOGIST. 


Applicants, who must British and under years age, should 
possess Honours Degree Geology. Previous experience Geological 
mapping and economic Geology would recommendation. 

Salary Scale £804—£1,482 per annum. Starting point depends 
qualifications and experience. £50 per annum marriage allowance, £60 per 
annum first, £24 per annum each other dependent child. 

Application forms and further details may obtained from the 
Secretary, Rhodesia House, 429 Strand, London, W.C. Completed 
forms should returned 20th June, 1953. 


special attention geological needs 


Cutting and 
Grinding Machine 


Developed specially for 
geological laboratory 
rock-cutting and now 
widely used. Employs 
12” diamond-impreg- 
nated disc giving 3” cut. 
Fully enclosed. main- 


mechanical 
grinding 
dual-purpose machine 
adapted Sports 
Machines Ltd., for geo- 
logical purposes. Speci- 
ally suitable for accurate 
mechanical grinding, but 
can also operate small 


tenance costs. With cutting disc giving 
without grinding lap. cut. (U.K. sales only.) 


Cast Iron Grinding Unbreakable 


Hammers 

Laps 

American pick 

Two laps operated hammers with leather 

the same motor, with grips—a real pleasure 

choice speeds possess. One size and 

each lap). Single laps weight only, 

also supplied. worth for 26s. 6d. 

Ideas for new machines devices will always considered. Recent 

development work includes machines for cutting refractory bricks 
(test and for concrete cutting (expansion joints). 


Write for details and current prices 


SPORTS MACHINES LTD. 


373 Regent’s Park Road, Finchley, London, N.3 (Finchley 5978) 
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